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ABSTRACT 


The aim of the present experiment is to study 
the slowing down of neutrons from a Pu - Be neutron 
source in a mixture of air and water in which the air 
bubbles through the water at a very slow rate, -The 
volume fraction defined as the volume of air to volume 
of water was of the order of 40 x 10'“^.] The age of 
Pu - Be neutrons to Indium resonance has been measured 
at three different air flow rates viz. 18,000 cc/min. , 
36,000 cc/min, and 54,000 cc/min. The air was supplied 
at a pressure of 20 + .5 psi. 

In order to do this nearly I 5 OO litres of light 
water was stored in an aluminium tank. In this tank 
six equally spaced aluminium tubes of half inch inner 
diameter were held with their axes horizontal. Each 
tube was drilled with twenty one equally spaced holes 
of diameter .0605*’. Equal amount of purified air was 
supplied to each tube. This air 'had to come out from 
.0605’* diameter holes in the form of bubbles and 
travel through the water to the top of the tank. 

The flux perturbation due to the introduction 
of different materials in the moderator is minimised 
by us — tg a minimum of structural material to hold the 



source and to suspend tlie foils. Approximate correc- 
tions are applied to t;be measured activities .to 
correct them fop the high energy activation and the 
finite size of the source and the foil, finally the ■ 
statistical arrors in the measured values, due to the 
statistical errors in the measured activities are 
calculated. 

The neutron age for the air flow rates at 
18000 cc/mxn. , 36000 cc/nin, , 54000 cc/min. are found 
to be 67.18 + 3.28, 70.76+ 2.57, 75.28 + 2.87 
respectively. 

This indicates that there is an increaso ■ of / 
33 % compared to the age in pure water. 



CHAPTER I 


IHTROPUCTIOH 


• Purpose of the Experiment 

The age of neutrons in a moderating medium is 
defined as one sixth of the average square distance 
a neutron travels during slowing down from a high 
energy to a low energy. The age is dependent on the 
microscopic properties of the moderating medium and its 
determination is a macroscopic measurement. 

In Boiling Water Reactors water acts as a 
moderator as well as an agent to remove the heat from 
the system. This water ^s it passes through the system 
gets partly vapourised to form a hetrogeneous mixture 
of steam bubbles and water. In the present work 
similar conditions have been simulated by passing air 
through the light water. The purpose is to study this 
macroscopic parameter, age when the nucleation just 
starts in a corresponding boiling water system. The 
age of neutron has been measured for. three different 
flow rates starting from the point when the air just 
starts coming out. 

In the past few years, age measurements in 
different media with different sources have been 
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carried out. literature survey reveals that no one 
has measured the age in a mixture of air and water * 

Also there is no theoretical calculation of age in 
such a system, 

1.2. Age in Water 

Both experimental and theoretical determinat-ioti of 
neutron age from fission and other sources to Indium 
resonance in pure water are available. Table 1 is 
a list of almost all netitron age deteimiine^tions in 
water. In general the experimental values are higher 
than the theoretical values. This disagreement has 
been well understood in case of the age of fission 
neutrons in water. Fary Atler (8) has made monte 
carlo calculations for the age of fission neutrons in 
water including inelastic scattering and amisotropic 
elastic scattering effects, using different fission 
spectra and different sets of oxygen cross-section and 
angular distribution data. The calculated value of 
the slowing dovm age after applying suitable corrections 
compares well with the experimental flux ages, 

J.W. Cooper has made monte carlo calculations 
for the age of B.D. neutrons in water using different 
duct sizes for the deutron beam and two different 
deutron energies. The computed values compares well 
with the experimental values. 
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TABLE 1.*' 'neutron AGE TO IKDIUM RESONANCE 


Tear 

Investigator 
and Method 

Medium 

Source 

« • 2 

Age in cm 

# 

1961 

1* 

Lorner et al 

EA 

Water 

Eission 

27,86 + 0.10 

1961 

2 

J.W. Cooper 

MC 

Water 

L - D 

Table in Refe- 
rence 

1961 

3 

Amster and Cast 

EA 

Water 

Eission 

Na - Be 

25.2 .x+'-Oil 

13.33 + 0.05 

1961 

4 

De Juren et al 

EA 

Water 

1.4 BIEV 
D-D 

54.4 + 1.4 

1961 

Ainster and Gasi? 
EA and MC 

Water 

D-D 

63,0 + 0.5 

64.5 + 0.5 

1962 

Joanou et al^ 

MM 

Water 

Eission 

Po - Be 

N^"^- Be 
a 

Ra - Be 

26.4 

58.5 + 1.5 

14.0 

14.5 

56.7 

196A 

R.K. Paschall'^ 

EA 

Water 

Eission 

26.8 + .32 

1965 

8 

Harry Alter 

MC 

Water 

Eission 

Tables in 
References 


EA = Roll activation metliod 
MC = Monte carlo calculation 
MM * Moments method 


* Humber in the superscript refer to similarly numbered 
references at the end of the thesis. 



C’HAPTER II 

A&E I'EASUKEIffilTT TECKRIQUE 


2 . 1 Eefiiiition of ITentron Age 

The nautron 3,ge from an energy E^ (well a.hove 
the thermal region) to a lower energy E in a non- 
absorbing moderating medium is defined as l/6th of the 
average of the square of the crov/ flight distance that 
a neutron emitted by a point isotropic steady nionoener- 
getic source of energy E^ travels in an infinite bulk 
of the moderating medium to the point ..here ' it slows 
down past the energy E. 

Let r = The radial (or crow flight) distance from the 
source to a point in the moderating medium. 

p(r)dr= The differential probability that a neutron 
emitted by a source slows down past the energy E between 
the radial distances r and r + dr. 

q(r,E)= The slowing do’wn density at any radial distance 
r from the source past the eiiergy E (that is no. of 
neutrons per unit volume per unit time at any radial 
distance r from the source slowing down past the 
energy E per unit time). 

and S = The source strength (i.e. no. of neutrons per 
unit time emitted by the source). 
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Then 

Ho. of neutrons /time slowing down past the energy E 
in the d iff erential spherical shell of inner radius r 
and outer radii r + dr is 

= Yolume of the shell x slowing do\wi density at 
r paS't the energy E 

= 4 Ti: sEjdr ... (1 ) 

p(r)dr= r/q;r,E)dr __ ( 2 ) 

Let T -> E) = The neutron age from an energy 

E^ to a lower energy E 

Then it follows from the definition of the neutron 
age 5 that 

1 CO 2 

'T (E^ E) = ^ f r p(r)dr ... ( 3 ) 

o 

In order to express the neutron age in terms 
of the slowing down density, the B.quation (3) with the 
help of equation (2) can also be written as 

T-(Eo-* 1) = II / r"^ q (r,E) dr ... (4) 

Since the medium is infinite, no neutrons 
emitted by the source can leak out of the moderating 
medium and since the medium is non-absorbing, the 
total no. of neutrons slowing down per unit time past 
the energy E throughout the moderating medium, at 



steady state, must equal the total no. of neutrons 
emitted per unit time by the source. 


Therefore 

S = The volusne integral of the slov/ing dovm density 
past the energy E over the entire space 


or 

oo 

S = / q (r,E) 4 Tc r dr ... (5) 

o 

Hence eliminati3ig S with the help of Sq»--(S) ^ 
Eq, (4) can be written as 


'T (E^ - E) 


1 


^ q (r,E) dr 

OO o 

/ r q (r,E) dr 
. 0 


* • • 


( 6 ) 


EqUntioiv (6) defines the neutron age from a 
monoenergetic source of energy E^ to a lower energy E 
in terms of the sloviring down density past the energy 
E and forms the basis of other expressions for neutron 
age which are derived below and are basic to t he age 
measurement technique* 

2. 2. Heutron Age from an Energy Eistributed. Source 
In actual practice, most of the sources are 
polyenergetic and hence age determined from such energy 
distributed source looses its exact definition. 


Plutonium - Beryllium neutron source is an 
energy distributed source having a peak at about 4 Mev. 
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In this 8.rtlcle the meaning of neutron age from such a 
source spectrum to a final energy in the slowing 
down region is developed. In such cases measured age 
depends upon the energy spectrum of the source. 

Let 

S(E) dE = The differeAti^l number of neutrons emitted 
per uinit time by the source in the energy 
-i‘ . intervel E and E + dE 

q(r,E-^E^) = The slowing down density at a radial distance 
r from the source i.e. no. of neutrons/ 
volume/time 5 slowing down past the energy 
E^ arising from a unit paint isotropic 
steady monoenergetic neutron source o.f 
energy E put in an infinite non-absorbing 
moderating medium, at a radial distance r ’ 
from the source, 

q(r,E^) = The total slowing down density i.e. the 

total no. of neutrons /volume /time slowing 
down past the energy E^ at a radial distance 
r arising from neutrons of all energies 
above E^ emitted by the energy distributed 
source. 

Then q(r,S^) can be expressed as in terms of the 
slowing down Icernel q[(r,E-^E^) as 

OO 

q(r,E^) = / S(E) q(r,E - E^) dE 

E^ 


♦ « ♦ 


( 7 ) 
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Substitiiting this value of q(r,E^) into Eq.. (6), 
The average neutron age to the energy is expressed as 


•t(e^) = 


oo oo 

/ f r^^ S(e) q (r,E E„) dE dr 

1 0 Ef f (a) 

f f S(E) q (r^E E^) dE dr 
o S„ 


Since moderating medium is infinite and non- 
absorbing the volume integral of qCrjE S^) over 
entire space must be equal to tuiity 


f 4- 71 r q(r,E-*-E^)dr 


... (3) 


from Eq. (6) neutron age from an energy E to 


E^ is 


T (E - E^) 


/ r"^ q (r,E -* E-) dr 
1 o ^ 

t °° 2 

f r q (r,E -* E^) dr 
0 


... ( 10 ) 


Using Eq.(9)j Eq. (10) can be written as 

A oo 

(E E^) =1^ / q (r,E -* E^) dr 

Using Eq. (9) Eq. (8) can be written as 


... ( 11 ) 


, 0 E^ 

(Ef ) = ^ 


moo 

f f S(E) q (r,E - E.) dE dr 


... ( 12 ) 


f S(E) dE 
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Using Eq. (11), Eq. (12) can be written as 

oo 

f S(E) T (E E^) dE 

T-CB^) = ;; ••• ^'*5) 

f S(E) dE 

Tlae Eq. (13) relates the neutron age from an 
energy distributed source to the nehtron ages from 
monoenergetic sources, and states that the experimentally 
■measured neutron age from an energy spectrum to the 
energy E^ is the spectrum weighted average of the 
neutron ages from monoenergetic sources to the energy 
E^ over that part of the energy specStrum which is 
above E^. 

2.3 Eoil Activation Technique 

In age measurement experiments, the basic 
quantity to be measured is the neutron slowing down 
density at certain points in an infinite (^a.'f^r.-p.s -ppssiiiljal) 
non-absorbing bulk: of the moderating medium, with a 
point (as far as practicable) isotropic steady neutron 
source put at a central location inside the system. 

In foil activation technique, a foil of a suitable 
isotope which has a very high and narrow neutron 
absorption resonance at the energy to which the 
neutron ag^ is to be measured, is kept at the point 
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where tlie neutron slowing dom density is to be 
measured, for a period of time large enough for the 
foil to become almost fully saturated. 

Since at saturation, the activity at the foil, 
i.e. the rate of decay of product nuclei is eq_ual to 
the rate of formation by neutron irradiation, the 
saturated activity/ of the foil is related to the energy 
dependent neutron flux as 

CO 

A (r) = Y f ;/(r,E) J. (E) dl , (U) 

s o ^ 

where Y = ‘Volume of activation foil 

j/(r,‘E)= The energy dependent neutron flux 
i.e. the total trachlengths of all 
neutrons in a unit volume at a radial 
distance r from the source per unit time 
per unit energy interval taken at an 
eneregy E. 

and E (E) = The raacroscopic absorption cross-section 

of the activation foil 

In order to be exact the integral on the right 
side of Eq. (14') has to be evaluated over the entire 
energy spectrum. But the approximate relation which 
forms the basis of the foil activation technique is 
readily obtained from Eq. (14) in the light of the 
following facts; 
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(1) The active,tion foil (Indiinn in the present case) 
which is to be used in the experiment should have a 
very high energy neutron absorption cross-section at 
the energy (resonance) to which the neutron age is to 
be measured. Because of this all the activity of 

the foil would bo due to the absorption of neutrons 
at tha^t pa,rticular energy. 

(2) The activity due to the absorption of thermal 
neutrons (for which the absorption cross-section of 
Indium is large enough to introduce considerable error) 
is eliminated by p^^tting the activation foils in 
covers made of cadmium which has a very high neutron 
absorption cross-section in the thermal region and 
absorbs practically all the thermal neutrons. 

(3) The neutron absorption cross-section of the 
isotope of which the activation foil is made, in the 
high energy region is comparatively small and a 
correction for eliminating the activity induced by 
neutrons of high energy is applied to the measured 
activity. 

In view of the above facts, it is a very good 
approximation to assume that practically all the 
activity of the foil is induced by the neutrons of 
resonance energy and the Eq. (14) can be approximated as 

1 (r) = V / 5 / (r,E) 2^ (E) dE 

® Res ^ 


* • « 


( 15 ) 



The integration over the right side of the 
Eq. (15) is assumed to be carried out only over the 
range of the resonance. Since resona,nce is very 
narrow, it is a reasonable approximation to assume 
the energy dependent neutron flux / (r,E') remains 
practically constant over this range, hence Eq. (15) 
can be approximated as 

K (^) = V <2( (r,E^^g) f L (E) dE ... (16) 

res 

E = The resonance energy of the isotope of 

JL w CD 

which the activation foil is made. 

The integral on the right side of the Eq. (16) 
is a constant depending only upon the isotope of which 
the foil is made. Since the foils used are all identical 
in shape, si 2 ;e and composition ^^md the volume of an 
activation foil V is a constant of the experiment and 
hence the Eq. (16) states that 

Ag (r) s/ (r,E^ 3 g) ... (1?) 

Eermi age theory gives the following relation 
between the neutron slowing down density and the 
energy dependent neutron flux. 

= 1 (r,E) 


^ (r,E) 


• t • 


(18) 
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= Tlie average logaritlirLiiic energy decrement of 
a neutron per collision with t he nuclei of 
the moderating medium surrounding the acti- 
vation foil. 

= The energy dependent macroscopic scattering 
cross-section of the moderating medium 
surrounding the activation foil. 

lutting value of / (r^E) from Eq.. (18) into 
Eq . ( 15)3 wo get 

A^(r) = Y / v (jji) dE ... ( 19 ) 

" El|Zg^(E) res 

The integeral on the right sidd of Eq. (19') 
depends only upon the isotope of which the activation 
foil is made and hence it is a constant as far as the 
experiment is concerned. Foils used in t he experiments 
are all identical in shape, sise and composition so that 
the volume of the activation foil Y is also a constant 
of the experiment. Since ^ and do not vary rapidly 
with respect to E, the Eq. (19) can be written as 

Ag(r) oC q (r.E^g^) ... (20) 

Equations (17) and (20) can be combined to give 

^ ^^’®res^ Ag(r)c?C q (r,E^gg) ... (21) 

iraiation (21) is applicable only 3.n as^^ptotic region. 


Waere 


% 


2 (E) 

sm^ ^ 
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Since the foils nsed in aji experiment are of 
finite size, both the sides of the foils are not 
activated eqv-ally. The .activation on each side is 
proportional to the fliix of only those neutrons which 
have a velocity corap-Dnent directed into the foil from that 
side» Because of the finite sise of the foil there 
will be neutron absorption in the foil itself (self 
absorption) so that the flu>: on one side i.s not the 
same as that on the other side of the foil. However, 
for the purpose of the experiment we assume that the 
flux at the point where the foil is located (center 
of the foil) is":taken to be the average of the fluxes 
on the two sides of the foil. Since the fluxes are pro- 
portional to the activities on the two sides of the 
foil, namely (r) c? wo cg,n write 

^ ^^’®res^"^ -^^sl ^ ■‘-S2 ^ *^^’^ros^ *•* 


Equation (22) states bhat the total saturation 
activity of an activation foil is directly;" proportional 
to the neutron flux or the slowing down density at 
the locption of the foil and is b.asic to the foil 
activation technique. 


With -'the help of Eq. (22)jEqZ (6) can be 
rewritten as 


== 


/ r A^(r) dr 
1 0 ^ 

6 °° p 

f r A_(r) dr 
0 ® 


... (2 
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where ~ total saturation activity of 

the activation foil kert at a radial 
distance r from the neutron source. 

or 

Ag(r) ot, (r) + A^g (^) ••• (^4) 

Equation (23) expresses the neutron age in terms 
of the total saturation activity and is used in the 
calculation of neutron age in a foil activation 
experiment, 

2.4 Activation inialysis 

In a foil activation experiment, the basic 
quantity to be calculated is the satura.tion activity 
after the foil has been irradiated if or a period of time 
largo enough for the foil to become almost fully 
saturated. 

The activated foil is taken out of the moderating 
medium and allowed to decay. During its decay it 
emits radio act ife, particles which can be counted by a 
counter for a preset period of time. The saturated 
activity of each side of an activated foil is calculated 
from the total number of counts registered by a counter-- 
In this article an expression is developed for the 
saturated activity of a certain sida of an activated 



foil kept at a certain point in the moderating medium 
in terms of the total number of counts obtained i 
the counter in a certain period of time. 

Analysis luiring Irradiation 

Let l'l(t) = Jlumber of product nuclei formed due to 
irradiation into the moderating medium a,t any time t, 

A = Decay constant of product nuclei 


Rate of increo.sc in numbex’ of product nuclei 

= Rate of their formation due to irradiation 
- Rate of radj u 


At saturation there is an oquilibriuni between rate 
of formation due to irradiation and rate of radi ' ' ' . 

decay. The rate of formation due to irradiation is 
equal to satura.tion activity ,1^. Hence rate of increase 
in number of product nuclei during irradiation is given 


by 


dt 


-X IT 

s 


Initial condition is 

N (0) = 0 


(25) 


( 26 ) 


Solution of ,.(26) and (27) is 



'! Y 


Left side of Eq. (28) is the activity at any 
time t after the foil is put into the moderating 
medium. The activity builds up exponentially and 
tends to reach the valuie L asymptotically. In a 
period of a,bout 10 half lives of the product isotope 
the activity attained is more than 99)^ of the value 
at the saturation activity and the foil is supposed'" 
to be almost fully saturated. 

Analysis After Irradiation 

Let h(t) = Number of product nuclei at any time 

t after the foil is taken out of the 
moderating medium. 

and Nq = Initial 'number of product nuclei at 

saturation. 

After the foil is taken oxit , the product isotope 
undergoes exponential radioactive decay and the 
n'umber of product nuclei at any time t is given by 
the ep[Tiation 

N = • ... (28) 

The number of product nuclei that undergoes 

radioactive decay in t he interval of time between 

the instant t .. and t„. 

1 f 

= Number of product nuclei at time t^^ - Hbmber 
of product nuclei at time t^ 

= N (e'^'^i - e“ ^'‘^f ) 

0 


• * « 


( 29 ) 
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Let = Counter efficiency 

0 = Total nunber of counts obtained in the 

interval of tine botv/C'^n and t^. 

B = The baclground coimts in an equal interval 
of tine 

Equation(29) can be v/ritten as 

C - B = Nq ... (30) 


The saturation activity of the side of the foil 
which is counted can be expressed in terms of the total 
counts G and the background B, using Eq. (30) as 


A 

J.1 


s 


= 

0 


% (0 - B) 


’X(e 




- A't- 


.... ( 31 ) 


Let t = Counting tine (sane for each side) 
o 

and 

ti jtg = The instaniB at which the counting of the 

1st and 2nd side respectively are started. 

Using the subscripts 1 and 2 refer the two sides 
of an activation foil, the saturation activities of the 
1st and 2nd rsido of the foil can be written as 

X{Ci - B) 

n, (e - e 1 “ ) 


( 32 ) 
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>^(G2 - B) 

""s2 - ■ - Xtp ~ XC^p+t ) 

H(e - e 2 c ^ 

Hence conbining Eq. (24), (32) and (33) the total 
saturation activity can be written as 


A. 


B. 


C, 


B 


X t 


1 ~ "2 

- X (ti +t^T - xip -xlt g+t^, ) 
- e e +e 


... (34) 


Since the coiinting efficiency is maintained 
constant throughout an activation experiment for neutron 
age measurement, and the decay constant X is constant 
depending upon the isotope of which the activation foil 
is made, the Eq. (35) can be simplified to 


Ag qC 


0,. 


3. 


C, 


3, 






+■ 


■X^2 - X ^■^ 2^'^c ^ 


( 35 ) 


Equation(35) gives a number proportional to the 
total saturation activity of the foil in terms of the 
directly observable quantities whi.ch are measured in 
a foil activation experiment. 
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2 . 5 Ueutron Induced Activities of Indium 

Activation foils made of natural Indium contain- 
ing 95.77 percent of and 4.23 percent of 

are used in the experiment, hue to neutron irradiation 
115 113 

both In and In are converted into radioactive 
isotopes. The neutron induced reactions and the decay 
modes of the product isotopes are given below. 


Activities 


( 1 ) In^ + n 


(STABLE) 


( 2 ) In"* ^ + n 


1 4 J2sec, _^ g^1 1 4 (STABLE ) 


(3) In^^^ + n- > in^Hml9d^ 3-^114 Sn"*"*^ 

(STABLE) 


115 

In Activities 
(4) In"*"*^ + n In 


iP15m ^^115 

(STABLE) 


(5) In^^^ + n^-*^ In^^^ - Sn"*"*^ (STABLE) 


(6) In'* '*^ + n 


sn"*"*^ (STABLE) 
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Since in a foil activation experiment on neutron 
age to Ir„. resonance the foils arc counted after waiting 
for a. measured pe';.-iod of about 10 minutes, the 
activities (2) and (5) are almost fully eliminated 
due to their very short half lives. Also the activity 
(2) is very small due to the small percentage of 
lie ‘ in the activation foil. Thus no correction 
is applied to the measured activity in order to 
eliminate those two activities. 

The activities (1), (3) and (4') are mainly due 
to high energy neutrons for which the activation 
cross-section is very small compared to the activation 
cross-section for the 54 minutes main activity which 
is mainly due to the resonance neutrons. The activities 
(1 ) and (3) arc very small because of small percentage 
of Ivi in the activation foil. Since the foils 
are irradiated for about 8 hours the 49 day activity 
builds up only to a very small fraction of its satura- 
tion value, . Therefore no correction is applied to 
the measured activity in order to eliminate these high 
energy activities. Of-coursc a correction is applied ■ 
to the measured activity for eliminating that part 
of the 54 minute activity which is due to high energy 
neutrons, in order to get the activity induced only 
by the neutrons of resonance energy . It is assumed 
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■that almost all tha counts obtained from an Indium 
foil, 10 minutes after it is taken out of the moder- 
ating medium, are due to the 54 minute activity of 
i 1 5 i *1 6 

In ^ decajring into SV;. . Thus the value of the 
decay constant X in Eq. (36) for calculating the 
measured activity from the counts obtained is 
calculated from this half life. 



CHAPT'ER III 


RXPRRI1\-IEHTAL SET - UP AKD PROCEDURE 


5 • "I Description of the Set-Tip 

In this experiment the main equipment and 
accessories used -are 

1 . Compresoor, moisture absorber and filter to 
^et the purified air in the corapressed form 

2. A pressure regulator -value, a pressure gauge 
and rotameters to supply the required amount of air 
through the system 

3. A tank for the moderator 

4. An’ arrangement to create air bubbles in the 
desired fashion 

5. Neutron source and its holder 

6. Activation foils and cin arrangement for 
suspending them 

7. A Beta counting set up 

The detailed description. is given below. 

Odggressor , ,,, 

■ The required amount of purified air is obtained 
from a reciprocating compressor shpvm in the photograph 
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(l'ig.'l)haYirLg tlie following specifications (No. of stages 
2, Displacement 11 C.F.M. , Yf.P. 170 psi, Motor H.P. 3). 
The air from the compressor is passed through a 
moisture absorber Gaud filter E (Figure 2). The 
purified air at the desired pressure can be supplied 
to the tank with the help of a pressure regulator Talue 
D and press\iro gauge P. 

Arrangement to Regulate the Supply of Air 

The output of the pressure regulator value D is 
distributed into six lines with the help of plastic 
toes, crosses and Teflon tubes. Each line is connected 
through a control value to a rotameter. Six rotameters 
and control valvos are fitted on a board. A photograph 
df this arrangement is shovwi in Figure 2. Figure 3 is 
a line -diagram of the complete set up for the supply 
of air. With the help of these six flo'w control 
values, the desired flow rate can be obtained from 
each of the rotameter. The rotameters have been 
calibrated with Wet test precision meter. Their cali- 
bration curves have been shown in Figures 17 to 22, 

Aifbminlum Tank- with Pure Water 

The moderating medium in which the neutron age 
was determined viz. a, two phase system consisting of 
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air bubbl>3s and ligbi; ',/a'ter was contained in an 
almininri tank having inside dimensions 120.5 era, 

X 120.5 era. x 120.5 on and fabricated from 6.55 lam. 
thick aliminiuiu plates. 

Alunininj’i was used nainly to overcome the 
troubles due to corrosion and radioactivity that 
the tank raight acquire due to long exposure to 
neutrons during the experiment if other corxion 
iii8.terials are used. The contaiuination by dust etc. 
of the moderating nediuia in the tank was prevented by 
covering the tank with a cover fabricated from aluminirrm 
sheet on a inild steel frame, with a soft rubber 
gasket, 

Fifteen hundred litres of pure water was filled 
in the tank to get the required hetrogeneous mix bure 
of air and light water. Tap water had a conductivity 
of about 1000 niicronhos/cm (10) and so it required 
a considerable amount of treatment. For obtaining 
light water a four column I.A.E.G. danineraliser plant 
was utilised. The output of the demineraliser plant 
has a conductivity of 5 micromhos/cm. This denineara- 
lised water was stored in the aluminium tank. The 
conductivity of the tank water was measured daily 
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■ .during tlae experiment. The evera.ge conductivity of 
itlie tanlc wa/fcer during the experiment was -found to be 

I 

9 'microinlios/om. • 

' ■Arr angement for Creat ing _Air '3-a]) bleG 

In the aluminium tank six sets of 'U ’ tubes 
fabricated as shovm in Figures 4 aiid 5 are suspended. 
'The outlet of each rotemeter is co^mected to both the 
upper ends of 'IT’ tube by moans of plastic Tees and 
Teflon tubes as shown in Figure 6 and Figure 7. The 
'U ' tube consists of two vertical 3/S'' I.F. aluminium 
tubes threaded at both ends. The upper threaded end 
receives a, pair of brass nuts meant for suspension 
and adiustment. The lower threaded end receives a,n 
aluminium plug. Tvro such plugs are press fitted into 
1/2’’ I.D. nluminium tube, having 21 equally spaced 
holes of .0605'' diameter drilled along a line. The 
•axis of the holes are at right angles to the axis of 
the tube. 

Air enters from both ends of the 'U ' tube and 
comes out of the ,0605'' holes in the form of bubbles 
travelling upmrds. 

This arrangement has been specially designed in 
order to ensure unifonn flow of air out of the .0605*' 


diameter holes 




TUBE ( six such sets ) 
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P* 


i6?0’#i»,.''»*'it- 


>■ ’\ - '. ' _■ ..: 


M^w^p 


■ 


Phot ograph o^rllo.p^Tiew tbf ■ 'Taiik . 


PIGURE 7 
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Trials were first made by placing the 1/2" I.D. 
tube with .0605 holes on the base of the tanlc. It 
was observed ths.t air comes out of few holes only. 
Realising that the flow of air out of the holes was 
dependent on the inclination of the a,xis of the tubes 
to the horizontal plane an adjustable suspending arrange- 
ment described above was used for each tube. For the 
same reason air was introduced at both the ends of the tube. 

Further, to ensure that all the holes of the six 

sets of U tubes give out a uniform amount of air in the 

form of bubbles, the total air supply from the pressure 
regulator valve was distributed to six lines each having 

a control valve and a rotameter of its own. Trials were 

first made with a single header feeding all the six 'd ' 
tubes which did not work and therefore the above mentioned 
arrangement was devised. 

leutron Source 

A 5 Curie Plutonium - Berylium neutron source 
emitting about 8 x 10^ neutrons/sec. procured from the 
Bhabha Atomic Research Center, Trombay was used in the 
experiment. The Plutonium - Beryllium intermetallic 
compound was jacketed in a steel cylinder cover of 
diameter 5.3 cm. and height 7.5 cm. As the steel 
cylinder cover had no holding device, it was put in a 
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rectangular source container (Pigure S a) made of 
perspex, and was suspended by a nylon thread in the 
tank:. 

Plutonium - Beryllium ne#tron source is an energ3" 
distributed source having a chara-cteristic energy 
spectrum (11) (Figure 9) ranging from rooighly zero to 
about 10.6 Mev. with an average neutron energy of about 
4.2 Mev. (12) . Since the half life of Plutonium is 
24,300 years, it is reasonable to assume that the source 
remains steady during the few days of the experiment. 

Activation Foils 

The activation foils used in the experiment were 
made of pure Indium containing 95.77 percent of 
Ih,"^ and 4,25 percent of and ’were 12,7 mn. 

diameter and .254 mm. thick. Cadmium ..Gpver Indium foils 
\ 7 ere put inside the perspex foil holders (Figure 3b) 
?/hich were suspended inside the tank contahhing water 
by nylon threads. T v;o horizontal foil suspension rods 
of 2 cm, diaiii£t’:er and 115 cm. long were fixed at the 
top of the tank and perpendicular to each other. 

The foil holders v/ere made of perspex in order 
to minimise the flux perturbation caused by intro d'.icing 
another Eiaterial in the nodera.t ing medium . 
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Tho flux vierturbation will bo niniEiuin if fhe 
nodcratiif ” ratio of the foreign naterial introduced into 
tb..o nodcrator io of the sario order as that of the 
moderator. The "ioc’.oratins.r ratio of the perspex is 
133.6 and that of light water is 147.0 and hence the 
flux pcrti’.rbation was negligible. 

The f'.>il ViOlders containinfS the activation foil 
wore r.i’ upended through the holes drilled in tho 
siispunsion rods. The foil holders were kept in position 
by small lead weights suspended at the bottom of the 
foil holders by xiylon threads. The center of the 
neutron source and the activation foils were all in a 
hoafi'iontal plane 60 cm. below the axis of the foil 
suspension rods. This distance was narked on a ^lon 
tliriia'l s.w4^^tthe help of a neter scale. The narks on 
nylon threads v/ere checked several tines by several 
persomz. The foils were also suspended by nylon threads 
witose diatanc® from the axis . of the aluminium rod were 
also narked by the meter scale' marks were made at’ 

60 cm. distance from the center hf the foil,' It was 
noted that distances, were within; 4 1 ism. , 



JL, pl»0te'fe4pb;'''af' 


used ..ih 'tht. 






The 
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plateuB of four G. tubes were plotted and a G.M. 
tube naving a good plateii as shown in Pigure 1T was 
ust.‘d ior the exj)eriment. The change in count rate per 
100 volt was 5 preset. The operating voltage selected 
was 1 3B0 volts. A counting tine of 10 minutes was set 
wit}' the help of a present counter. The G.M. tube 
wit;li the foil rack was kept inside a lead castle in 
order to reduce the background count' rate of the 
counting system. 

5 • ^ Procedure of the 'Experiinent 

The source was suspended at the centre of the 
tank and the foils were suspended at the same depth as 
t}io source. At a time only eight foils in one direction, 
4 on either side of the source were used in order to 
keep a minimum distance of 10 cms. between any pair of 
foils, which is required to eliminate the shadowing 
ofl.'ect of one foil on another. The experiment was 
repeated a number of times, each time with only 8 
foil® in one direction but with changed spacing so as 
to cover the whole range from 5 cm, to 50 cm. from the 
source with a spacing of 2 cm. upto 15 cm. from the 
source and a spacing of 5 cm. beyond. 
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The neasurenents were riade in a direction parallel 
to the axis of the bubble tube as well as perpendicular 
to it in a horizontal plane at the same height as 
the center of the source, for air flow rate of 
18000 cc/nin. The neutron age for the air flow rate 
of 18000 cc/min. in thi^ two rmtnally perpendicular 
directions was fcnind to be 67, t8 + 3.28 and 
63.79 + 3.57 rospectiwely (Table 18). This revealed 
that there is no appreciable difference in the age 
values in the tvro mutually perpendicular direction. 
Therefore for the other two air flow rates of 56000 cc/ 
min. and 54000 cc/nin. measurements were made only in 
a direction perpendicular to the axis of the bubble 
tube. 

First the foils were fixed at the desired 
position in the tank. IText air flow rate was adjusted 
at the required rate by adjusting the pressure 
regulator valve and flow control values.. After this, 
the source was lowered into the tank and was fixed 
in position,- The time of putting the source in the 
moderating medium was noted. After about 7 hours 
of irradiation, when the foils acquired more than 
99.9 percent of their saturation activities, the 
foils were taken out of the medium one by one and 
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their activity was counted. The instant at v^hich the 
foils were taken out 7/a,s noted and a stop watch was 
otai-ted exactly at the instaiit. The first side of 
the foil was counted exactly after 10 minutes waiting 
tine (to avoid 13.4 sec. and 72 sec. activity) for 
ten minutes with the G.ll. counting set-up. Then the 
second sif’o of the foil was also counted for 10 minutes. 
In this way all the activated foils were counted. 

Waiting tine for the first side as well as for the 
' second side was noted accurately to .5 sec. with the 
help of a stop watch, whereas counting tirae was fixed 
with the help of the preset coxinter. The background 
was noted for 10 minutes just before counting the first 
side and just after counting the second side of 
every foil. In this fashion the activity of all the 
foils were counted. The sane foils were not used for 
the next experiment. While the foils were irradiated, 
care was taken to see that the flow ra.te did not charge*. 

In each experiment the counter was first 
calibrated with the help of a standard p source also 
kept in the shelf Fo. 3 of the foil rack. After the 
calibration, this standard p source was replaced by 
the activated foils one at a time to count their 
activity. 
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CHJIPTT^R lY 

^ XlA!! i Ri^SU jj'DS ^ .iX) t;iso u'SS lOi'T 

4 . 1 jXrr o;?^. "'■■I 'l 0 . 

Tlie saturated activities pt various distances 
fromtne source are calculated by using Eqs. ) and ' 
(35). Wtien an activated foil is coxmted, due to back- 
ground counts tlie nuDiber of counts registered are 
higher then the actual number of counts, hence a corre- 
ction is applied to the total number of counts 
observed from the activated foil. 

Since Indium has a finite activation cross-section 
for neutrons of energies higher than the resonance 
energy , a fraction of the saturation activity of 
cadmium - covered Indiimi foils, though small, is 
induced by t he high energy neutrons , Hence a correction 
is s-pplisd to eliminate the high energy contribution. 

The neutron source and the activation foils are 
both of finite sises. For calculation of the i eutron 
age, we need the activity a.t specified points. Hence 
a correction is applied to tie measured saturated 
activity to correct for the finite size. The details 
of the mf’thod of calculations are as follov/s 
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Backg^round Opr recti_on 

Tke background is observed before and after 
counting the foil. The average of the two count rates 
are subtracted from the actual nuraber of counts. The 
background is noted for a period of tine equal to the 
counting time of the foil. 

Corrections for High Energ?/' Activation (13) 

In order to correct for high energy activation, 
a single cadmium covered Indium foil and a cadmium 
covered sandwich of three similar Indium foils are acti- 
vated at the same point in the medium. The saturated 
activity of a single cadmium covered Indium foil is 
due to the neutrons of both the resonance energy 
and high energy. The neutrons of thermal energies are 
absorbed by the cadmium cover itself. The saturation 
activity, of the interior indium foil of the cadmium 
covered sandwich is due only to the high energy 
neutrons since most of the indium resonance (1.46 ev. ) 
neutrons are absorbed by the outer indium foils of 
the sandwich. Therefore in order to obtain the saturated 
activity induced by the neutrons of the resonance energy, 
the saturation activity of the innermost indium foil 
is subtracted from the activity of a single cadmium - 
covered indium foil. This is given by: 

A (resonance) = ■ (cd-Covered) - A ( (cd+In)-covered). 

So o 


Gorrectioiis for Finite Sizes of Source and. Poll (f5 ) 


The saturated actirities corrected for background 
and high energy activation are corrected for the 
finite sizes of the neutron source and the activation 
foil by the approximate formula, 

^s \ (r) - I I” ...(36) 

1C = 

24 

= The saturation activity corrected for the 
finite sizes of the source and the foil, 

= The measured saturation activity. 

= The length and diameter of the source. 

= The radius of the activation foil. 

This formula assumes a uniform distribution of 
the total strength of the neutron source over the 
projected area of the source on a plane passing through 
its centre and parallel to the face of the activation 
foil. 


where 

X ,y 


4.2 Calculations and Results 

The saturated activity induced by resonance 

neutrons as well as the second moment and fourth 

2 4* 

moment of the activities viz. r AgCn), r Ag(r) 
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respecti\;ely have been calculated. The plot of A (r) 

s 

Vs r and ^ semi-log paper (figure 12 

to figure 15) is obtained. The point at which the curve 
2 

In (r Ag(r)) Ys. r becomes a straight line is noted. 

The areas under the second moment curve and the fourth 
moment curves’ from r = 0 to r = 24 cm. are calculated nu- 
merically using the Simpson's rule 

The areas under the second moment curve and the 

fourth moment curve from the point where the curve 
2 

In (r A„(r)) against r becomes straight to r = «» are 

O 

calculated analytically using the fact that the slowing 
down density or the flux can be assumed to have an 
asymptotic distribution g iven by 

(b is negative) (37) 

... (38) 

The above equations can be written as 

In (r^ Ag(r)) = In a + br (39) 

hence the plot of In (r^ Ag(r)) against? r is a 
straigtit line. 


5/ (r) 


a e 


br 


or A (r) 
s 


a e 


br 




- r,Cm 

"OF r^As Vs. r FOR DATA OBTAINED WITH INDIUM FO! 
PRODUCED BY PLUNIUM-BERRLLIUM SOURCES 



1X10 





The values of constants a .and b are determined 


by fitting a least sq^iare straight line over the fairly 

2 

straight portion of the plot of In (r A^(r)) against 

s 

r obtained from experimental results. If r is the 

m. 

distance at which the plot of second moment of the 
activity Vs r on semi-log paper becomes straight, 
then, 


/ r^ A^(r) dr 

o 




... (40) 


°° 9 ? br 9 p 

f r.r Ag(r)dr ^ e ^’^(b r^^^ ^ 

“ ... (41) 

Finally the total areas under the second moment 
curve and fourth moment curves are found by adding the 
numerical and analytical parts. The age is calculated 
by using £q. (24), The age value is calculated for 
three different flow rates viz. (1) 18000 cc/min. , 

(2) 36000 cc/min. and (3) 54000 cc/min. 

4.3 Analysis of Statistical Errors (16) 

The basic process of radioactive disintegration 
is statistical in nature. The statistical error in 
an observed number of counts N is + /^. The following 

basic rules for error estimations are used. If two 
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quazLtities and Rg carry the statistical error + 
r^ and + respectirely then 

Error in (R^ + R^) 




2 ^ 2 
^2 


Error in R^ R^ 



(42) 

(43) 


and error in 




(44) 


Starting from the statistical error in the 
observed number of counts, the statistical errors in 
all the quantities calculated at intemediate steps 
in the calculation of neutron age are estimated using 
the basic Eq.s. (42) and (43). Finally errors in the 
areas under non-exponential part of second moment curve 
and fourth moment curve are found. Errors in analytical 
parts of these areas have been neglected. The constants 
a and b are determined by a least square fit over 
a number of points. The statistical error in the 
age value is then calculated using the Bq. (43). The 
errors in the age values for all the three flow rates 
are given in Table 13. 
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4-. 4 Discussion and Results 

The neutron age for the three different air flow 
rates vis; 18000 cc/min. , 36000 cc/min. and 54000 cc/ 
min, are given in t he table (18). The volume fraction 
defined as the volume of air to volume of water was 
calculated by measuring a transition tine of one second 
for the air bubbles. Several readings of the transition 
time of the bubble from the bubble tube to t he water 
surface were noted with the help of a stop watch. 

The time wp>.a octinatodto be one second. The neutron 
age for the 18000 cc. case was calculated f or two 
mutually perpendicular directions (one parallel to 
bubble tubes and other perpendicular to bubble tube), 
Withihe existing geometry no remarkable difference 
in the age values could be noted. 

It is found that the age to indium - resonance 

of Pu - Be neutrons will increase (compared to the 

value in pure water) when voids are present in water, 

Falente a^id Sullivan and P.R. Rao (at IIT Kanpur) had 

measured the age of Pu - Be neutrons to indium resonance 

in water. The age value measured in pure water by 

Valente and Sullivan is 52.8 + 2.5 cm, and by P.R. Rao 

2 

(at IIT Kanpur^ is 53,7 + 4.044 cm . As the air flow 
rate (or voids present in water) increases, the 
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B,fr,e value also increases. The percentage increase 
in the age value for the air flow rates of 18000 cc/min., 
36000 cc./min, and 54-000 cc/rain. are found to be 27.1^ , 
33.9% .iiid 42.4% respectively. 

An attempt had been made to calculate the age 
theoretically by using the simple formula 


T = 



( 



) 


E 


For air flow.r&te dj£ -1)8000 cc/nin. number of 
nuclei/cc. of the moderator are 

2 ? 

Water ITo. of nuclei/cc = 3.34 x 10 


Air 


1 5 

Omy-'en of nuclei/cc = 2.4 x 10 

-1 C 

O.ydro'^en • ITo. of nuclei/cc = 10.3 x 10 ^ 

_7 

Air weight fraction s; 5.5 x 10 

Volume fraction = 20.2 x 10 ^ 


This reveals that since t he quantity of voids 
in the moderator is small, therefore if the above 
formula is used it will lead to the same age value as 
in pure Yfater, 
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^ • 5 Sources of Errors 

Tlie inherent linitatians of the experiments are 
(1) finite si?;e of mediutn, (2) finite size of source 
and, foils, and ( 3 ) foreign materials are needed to 
suspend the source and t he foils. In addition to this, 
the factors which .give rise to errors in the age measure- 
ments are due to small oscillations of foils and 
source which arises because of air bubbles, the errors 
in the distance measurement, the erros in the activities 
measured. 

A finite medium ha,s to be used as a reliable 
representation of an infinite medium. For this purpose 
a 4‘ X 4' X 4' Aluminium tank was used. 'iThen the 
neutron source was inside the tank, the radiation 
dose was measured many times in a day in all the 
experiments* It was found to be within permissible 
limits. For the finite size of source and foils an 
approximate correction has been applied. The errors 
due to the introduction of foreign materials has been 
minimised by using perspex for the source and foil 
holders and nylon threads for suspension. 

The errors in distance measurements and the 
number of counts have been estimated. The erros in 
the distance measurements have been estimated to be 
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within + 0.1 cm. The distances were measured with a 
meter scale and marked on the nylon suspension threads. 

The measurements were checked by several persons at 
different times and found to be within + 1 mm. The 
errors in the activities is statistical in nature. 

As is well knoTO, the error in the observed number 
of counts II is + yil.A Sample calculation is given 
ill Appendix I. 



&IR FLDi^ ^&TE =18000 C.C./MIM 


r ^ 


# 

# 

# 

# 

# 

# 


# 

cs # 

;z </5 -jf 
!!ID * 1 ^ 

O # 

(T 

* ) 

C) 


<r 

CD 


# 


r^sOoomoor^# 

fH .yH f\| iT^ 

jf *1 jwf ^fl***! ft! .|, y-AU^ g»AI|, ll||» 

# 

# 

# 

# 




m 


r^ 

ai 

CSJ 

m 


*d" 

lA 

fM 

4f 


</l 

rs 

4$. 

fM 

iti***^ 

«<«Ni 

JBtW 


«i* 

f\<i 

r\{ 

tH' 



imH 

4^ 



o 

CM 

*i»«w| 


*H! 

«m| 

4f 

# 

p»l. 

</) 

4J- 

in 

m 







# 


r> 













n 

o 












# 

-if 

*il^' 

# 


I -I :?»' 4 #. 

cv # 

# 

a, 4 ^ 
O IjU # 
O 

1 ^ # 

cyr c/) # 


m tn ijTt r-4 ft'^ h- ^ 

CO j^i ir"4 nO *<1" CM CM 

(\| ff^ 0 ^ fOl «**4 n^t r»^ jtM 


4 «- 

# 

4 f 

# 

# 

# 



to 

4 ^* Ul 

4 #. CO >— 41 - 
4 ^ X 00 4 ^^ 
ro #H( 4 f 

-W- 


lii 

# :: 3 >' 


4 f 

to 

CD 


#. 

4 f 

-J 

tmw^ 


4 J- 

4 f 


l«*<pi‘ 


4 i» 

r» 0 0 0 0 0 0 r> 4 f 

O 


# O 

41 - 

«f#f*«ff 4 ^ 

u. 

UJ 



n 0 0 0 C' 0 0 4 f 


-4 

4 r »-«4 iU -}f 


♦ 

CD 

■M- S «■ 


z: 

CLi 

-fi- ::j^ 

4$. 

KwH( 

D 

«• 3 l-~ 

-Ji* 


CD 

# n 

4 f 

* 

o 


# o 


# 

Uj 

C\ 


4 f 


or 

Iww 




Hi 



4 ?* 

crjooroorsoro^f 

> 

-J 

# UJ 

# 

«#tff##f 4 f 

c 

a,. 

# 


rHI »»>« »'-*‘5 r->i »w4 *»i#i r-n 4f 

t j 

•J 

4 f yj 4 ^* 

CMCMCMCMCMCMlMfM-IJ- 


-j 

4 ^* 1 ^ O ’Jl' 


# 

d, 



4 $ 

o 

/V 

# CD oo 4 ^- 

4 ^- 

t ) 

d 


# 

4 f 


Cl 

4 i* O # 

4 f 

iL 


■«■(-- 2: <<• 


n 


# i-H CM # 

4 f 



# <1 


4 t- 

<r 

O 

3 : 

4 f 

4 f 

f*** 

tm<4 


# 

4 f 

<t 

Jumw 


4 f 

# 

o 

t > 



# 


m 

4 f Ui 

4 f- 



oc 

# 3 F 


r* n 0 0 ra r,- 0 c:'.« 


t **4 

4 f lU 4 f 

*tf#fftf 4 f 


o 


0 0 0 0 0 0 0 0 


4f 

IhMt 4f 


# 

0 «o # 

# 


::^ # 

# 


1--*' 

# 

# 

to # 

4i" 

4^- 

l-*-! M 

■S" 

* 

d 4f 


# 

3: # 

4f 

4i* 

-jj- 

« 

4«- 

4fr 

# 

# 

4I- 

# 

4<^ 

Sr 4^- 

4f> 

# 

0 4f 

0000000041" 

4f 

H4 


# 

H*‘ ijy 4f 

0 lA tr» r*- rj r- oc* s:a * 

4«- 

S 41" 

r^CMN0^4^^^D^0O4^" 

4f 

C 1"^ # 

in sO r-" Mr» # 

4S. 

d # 

# 

# 

oc 4i- 



CSC # 



iNwd 

# 

# 

# 

# 

4f 

# 

# 

#< 

# 

# 

# 

111 # 


4f 

in 4I< 


# 

2 : # 


# 

d # 

4“n0mcMO^4*f^# 

# 

Itm 

mi ^ m t<% ^ ^ ^ 

# 

to # 



g: ' I 





# 



# 






o o t 'i m tn tf\ iT't lA ^ 


O -S 

€\jrgif%jc^^rM(\i<NJ«\i# 


2^' 00 4?- 

rH iH. <^'1 t**l r*'‘‘s r'l' r«-‘ 


•Ti j- ^ 



O J?r 'Ji' 



or ID # 

# 

4I* 

w 

# 


^ t > # 



( > ^ 

♦Jf 


<1 



CO # 

# 


# 




# 





# 

lu if 

O O QQ C' 4* CM nD if 





, f/v ro ^ 

iTwHf O fT* fV< CM if. 





- !««- «««i if 

■AO0<lhMHir*iMi**iif 




# 

00 if 

CM M if 





r> if 

if 





n Q if 






O 0?^ if 

iJ* 





CM if 

if 





if 

if 





OL if 

if 




# 

o UJ if 

CMinOOr-'II^Of^if 





O if 

CM 0^ <> %:f‘ H'4 CM CM if 





if 

■<^tAtACMr“* MiriMif* 





or 00 if 

r4 if 





ai 






CD f- if 

if 




# 

ST oo # 

if 


</) 

00 


rtD rHl # 

if 


-J 

UJ 

4f 

# 

if 

# 


cn 

4i^ 

if 

if 

wyr 

n 

ro 


if 

if 

»— « 

u- 

fn» 


if 

o o o o o o o if 

X 



-ll- 

CD if 

f«#i##*fif 

•V 

t 

UJ 


if 

T'' O O O Ti O O O # 

t 

2*r 

«J 

# 

UJ if 

M M M M M «»*> M if 

u 


03 


f*" X if 

if 

ff 


C3 

# 

2? •«*( if 

if 

o 

o 

n 


D J- if 

if 


aj 

CD 


O if 

if 

O 

a: 



U if 

if 

O 

U.j 

n 

# 

if 

if 

O 

■:> 

0««t 


if 

if 

CD 

n 



if 

oooorooonif 

gMxlli 

C? 

-J 

■if 

m if 


H 


li 

if 

X if 

jw-l ►"! M r'i rH r<i.i M )*"i if 

li.. 


u 

if 

y.j if 

CMCMCMCMCMCMCMCMif 

|w(*. 

• 


if 

f- O if 

if 

<t 


<3f 

if 

h>n4 if 

# 

rv! 


nC 

if 

<0 OO if 

if 


+ 

•iO 

if 


if 


* 

a. 

if 

►Ht O if 

if 

O 

Q 


# 

f- X if 

if 


< 


if 

►HI CM if 

if 

IL 

w 


if 

<r if 

if 



O 

if 

DT if 

if 

OC 

LL 


if 

if 

if 

!**<« 

O 

j|l<WI!l« 

if 

if 

# 



CO 

if 

if 

if 


<r 

m 

if 

Ui if 

if 


!«>• 

de: 

# 

X if 

rD o o o o o o o if 

m 

<« 

llW-J 

if 

►H CiJ if 


b\ 

O 

o 

if 

H Q if 

OOOOOOOOif 



if 

IHHI 

#Ht r*i »HI ft«#f )M iM Ml ini if 

f, "f 



if 

O 00 # 

if 

' *] 



# 

if 

if 




if 

**H f«* if 

if 

n’f 



# 

f- 00 if 

if 




if 

►Hi r*i "i^ 

if 

‘ 



if 

<r if 

if 




if 

3; if 

if 




if 

if 

if 




if 

if 

if 




if 

if 

if 




if 

if 

if 




# 

n if 

ooooriooo# 





►H if 

tfif*«ffif 




# 

H a,; # 

C, / C' ,' '*4^ *4 ^.4 O O UD # 




if 

fH X # 

CD o rc^i 0" CM cn r*- # 




if 

n # 





if 

icf f- if 

* 




if 

OC if 

if 




if 

Od if 

if 




if 

Ml if 

if 




# 


# 




if 


if 




# 


if 




# 

yj if 

if 




if 

< *1 if 

MMDencncMcna^mif 




# 

X if 

f f f # t'f f fif 




# 

^ # 

ssjh'sOlAfMO'DMfr^# 




if 

f- . # 

M CM 'fO' CO -df if' 




# 

'00 # 

; if' 

''■ ' 1 ' M, 



AIR FLOW RATe=1803a C.C./MIN 


60 




♦ 3Se 

4« 



3flK 4s 




♦ 3$« 

4« 



^ 4s 

4} 



4! 

4c 



4s m 




^ 4i! 

4c 



^ ♦ 

♦ 



4s # 

4« 



4s 4= 

4c 



4s 4c 

4f 



♦ 4c 

4c 



4c i)is 

4$ 



4c 4« 

4c 



4c UJ 4c 

4* 



4c 4e 

4f 



4t * 

4c 



4t ^ 4e 

4c 




¥ 



4c U, O 4 ? 

4 



4c Uu 

4? 



4c OC 4? 

¥ 



4c a O 4c 

¥ 



* yu 4e 

4c 



4c < 4t 

¥ 



4*0 4cOOO-tOD0'O 

45 



4« UJCJU4C oo«4*a)cofUrnog 

i 4 



4cH-04c 

^ 4« 



4cua:4ch*f^*;X)OCMr-4io 

¥ 



4C Ui O 00 4^ r<l tH 

4c 



4« oi O 4* rn rsj 

4c 



4c a: OO 4< 

¥ 



♦ O 4c 

4c 


00 

4c o UL 4* 

4c 


lU 

4c O 4c 

¥ 


CO 

4c >" ^ 

¥ 



* H- UJ 4c 

¥ 


K 

4c fsl 4c 

¥ 



4e > 4c 

¥ 


Ui 

4f CO 4e 

4c 

CO 

-J 

4* H" 4* 

4c 

UJ' 

CD 

4c U 4* 

4s 

»— 1 

CO 

4s <C 4c 

4c 

H* 

r) 

4c 4* 

¥ 


CO 

4c 4c 

¥ 

> 


4c 4C 

¥ 


o 

^ m 4c 

m 


H* 

4c O > 4* 

¥ 

O 


4c z:k4s oooiAmr^cDooo 

¥ 

<c 

U 


¥ 


UJ 

4t2r>'4c 

♦ 

o 


4* 0»-*4c Om^OOCVr^OO 

4c 

lU 


4c tO|«^4< «Arvl<0»-4 

4c 

1-*** 

<c 

4c lu u 4t m rj 

♦ 

< 

oc 

4c a: < 4c 

¥ 

cx: 

< 

4c 4c 

4c 

ZD 

CL 

4c 4c 

4c 

H- 


4* 4c 

4c 

< 


4« O 4c 

¥ 

m 

2! 

4c IJU 4c 

¥ 


O 

4c a: 4c 

¥ 



4c UJ 4c 

¥ 


H 

4c > 4c 

¥ 


U 

4c O > 4c 

¥ 


yj 

4cUI-4«fnCHjHOO^OO^<7‘0 

¥ 


a: 

4e i--*4cOOllA4*<>**^COC\r 

¥ 



4t-^>4c 

¥ 


Q 

4c *^-c4cmO00a'r-c»*4CQ 

¥ 



V --c t— V r» r- -^r 

¥ 



4« »--« U 4e m (M 

¥ 



46 4* <C 4c 

¥ 



4c ♦ 4c 

¥ 



4C O 4c 

¥ 



4c O 4c 

¥ 



4c 4c 

¥ 



4c 4c 

¥ 



4c 4c 

¥ 



4c 4c 

¥ 



4c O ♦ 

¥ 



4c Ui 4c 

¥ 



4c Oi > 4c 

¥ 



4tttSH-4c OfSJr-tCXJf^f^r-O^ 

¥ 



4e 4c oooocnmr^m 

¥ 



sjeO^'^c 

¥ 



4su^4sOfnitno<rcMoo 

¥ 



4c H 4C m 0^ 00 ca 

¥ 



4c • O 4c r* 

¥ 



♦ o < 4c 

¥ 



4c U 4s 

¥ 



4c 4( 

¥ 



4c 4c 

¥ 



♦ 45 

¥ 



4c yj 4c 

¥ 



♦ U jIsf^^OOtnCMCDOOCO 

¥ 



-452: 4f #♦#•#••• 

¥ 



4t< 

¥ 



m 4« 

, . » jdV .. , . 

¥ 


ftIR FLOW ^ATF = 18000 C.C./MIKj 


m 

X 

r> 

X 

X 

"4* 


Ui 

X 

a 

X 

a 

<^'1 

t/) 

III 


o 

< 

o 

<1 

or 

0 

<r 

i/) 

c 

UJ 

1 > 
U1 
fy' 
jy 

n 

c > 


CO 

tu 

CO 

X 

HJ 

tXi 

CO 

X 

no 


Ui 


fY 

<r 

CL 


n 


u 

iJU 

o 


# 

# 

# 

* 

# 

# 


V 

f**** ?*«» 

:7^ 

uO > 


# 



# X *^ # 

H nO 


# (Tl H # 

m ^ 


•if X C 5 # 

CM H . 



<x * 

4* ^ 


•if X 

* 

vO O ' 


•if f’’" LL. # 

i ff 


# 4^ D # 

H iVt « 


# w. 

"if CD 

# 

# 

#»<«l »>M 1 


•if n # 

# H # 

# ‘ # 

# # 

# # 

# ^ # 

# 

f 

# 

> "if 


t % 

# |nnto |«*W # 


H 

# ipr ^ # 


lii 

# U3 > # 


#« 

•if X »-Ht # 

C''-! 0 


OD 


*i v 3 <f" 

t.-' O \Ct in 

0 O CM <X5 

^ ^ ® t# # 

•4* ^4* ffi 

*4 '•*1^ ....s - 


# 

# 

•I!' 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

-Jf 

* 

# 

# 

# 

# 

# 

# 

* 

# 


r*Ti frw 

X t > lij. 

<f # 
Q ^ 
XU.# 

fvj n # 
# 
# 
•if 
# 

# 

# 
# 
# 
# 
4f 
•if 

# 


^■'1 

vi* f\i o <i* m n\ Oj mD 

O 1^ CO (M ici c-\i st 

oov0%oc>^i*(>\0f\i 

h- r\j Lf\ OD ftt ^ ^ 

t * » * f * t # 

coc^r^cQ^-^Hso^ 


o 

a 


u. 

n 


X > 

u i »««* 

X Ih- 

o o # 

X’ <f # 
# 

T* # 

!•*• ^ 


CM Nt 

i 1^ Nn 

f ♦ 


CO 


in h" o sf n 

ON lA O*' r«t tA 

• # « • • f 

nO If ^ ! n I fv. |3^ 

lAoor*. coir\o^‘# 
C^lClOfwONoO# 
ON fo r3 ON o p-i 

/'ll nO O' m fvi o r%. 

*Hi <f- rfi nd m CM in 

C\i CM CM CM 


# 

# 

# 

# 

# 

# 

# 

# 
# 
4 
, # 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
•if 
# 
# 

# 

# 

# 

# 

# 

# 

# 

4f 

# 

# 

’if 

# 

# 


i <f' 

r% 


LL 

n 


X > 
UJ H** 
X K 
O t i 

X -<r 


f 


o 

04 


UJ 




>" 

cr i-«* # 
X > # 
f«« 1"^ 

<c 

c/) U 


# 

# 

•if 
# 

*if 
# 

# 

•if 
# 

•if 
4f 
’if 

"if 
"if 
# 

# 

4f 
# 

# 

■M’Oo.i-wcbcsiMrM# 


O CO CM O' 

• 4 “ n? sO o 

<Ain%DOrqtACMsA 

Ccocoo^iACMcoin 

nO O ON m CM r-l 


o 4 ^ r:: 




•if 

# 

4f 

# 

•if 

# 

# 

"if 

# 

•if 

# 

# 

# 

if 

# 

# 

# 

•if 

# 

if 

# 

# 

# 

if 

# 

# 

# 

# 


LU 
I ) 

X 

«s: 

IpIW 

c/> 

o 


# 

•if 

# 

# 

# 

# 

# 

# 

•if 

•if 

# 

# 

# 


m cti <"•*! CM fHi o n 

CO 4* m Hi 

fO CM 


•if 
# 
•if 
# 
# 
# 
* 
# 
# 
# 

# 

# 

# 

i»«i4 )c»mcMcx}co< 30 ^ 

* • t f t fi# 

4 ^NOinAIOMD' 4 *iN# 

r 4 CM Iflf 'ffii 4" # 

# 




61 




4#. 

# 41^ 

# 

# # 


# # 

4f 

# O # 

# 

# Z i/) # 

4f 

# "1 f-- # 


^ O ^ # 


#■ D # OS C30 C' t\*% O O O 

o o o # 

# O O w r- ( CV Vs4 t\l 

r-4 C'4 41* 

4^ V* t > jr4 *-*4 r* Ji r*l iwi r«i 

|w4 fiw-i ipwl 

#1-1 4f 

# 

# 'CT # 


-# OD # 


# 

# 

# 

# 

# tu # 


4i </V O 4#* 

4«. 

^ «Mcor'9r«^s\iCD*MOoor^# 

4f 

nil CM # 

4frr) 

r«*l «HI r^ 

#nQ4i- 

4f 






t 1 

■ 2 ?^ 4 f 





# 


CM 4 f 





# 



4 f 




4 f 

ML 


4 i* 




4 ^* 

n UJ # 

# 




4 f 


Q 41 " 







1 — <« 41 " 

fncD<'OcocrM“CMtn^" 4 w 4 «' 




4 $- 

OtC 

(/) # 

«:> fo <r " 4 - ai r » nC- tn i<- # 



m 


lU 

<»• 

CD <\i CO m CC" m o-i 4 ^ 



UJ 


CO 


lA CM CM 



CD 


x 

LO # 

4f 



D 


z> 

rl 4 f 

# 



|iri» 


z 

4 i" 

4 J" 

t 

C/) 


4 i* 


4 f 

41 ' 



Ml 

41 - 



4 f 

►H 



# 


4 f 

4 ^ 

X 

O 

CD 

4 f 

CO 

4 t' 

# 

■V 

u. 

CD 

# 

z 

4 f 

41 * 

» 


D 


h»i 

a~t 4 f 

o o r( tn iT? o Ti o o o 4 f 

u 

« 

CO 

# 


X 4 ^ 

f*tt*ttffff 4 l' 

t 

:z 


41 - 


►H # 

r*a o o c% o o r*"^ r's O 4 ^* 

o 


O 

# 

TJ 

41 " 

rM rH( rwf rH! ^>*>4 r<»f ?»h| h »«4 >*.4 r »4 4 f" 



Sr^ 

4 f 

n 

4 f 

4 f 

D 

o 


4 f 

o 

# 

4 f 

i*i' 

lU 

fY 

4 f 


# 

4 f 

r 

QC 

<t 

# 


4 ^" 

4 t' 

CO 

Ul 


4 f 


4 <" 

4 f 


> 

n 

4 «- 

m 


4 f 

II 

{,'1 

L.J 

# 

r 

4 ?" 

4 f 

i.l; 

CJ 

IM 

4 f 

►*H 

UJ 4 <- 

4 f 

}-^ 


o 

4 $* 

h* 

a «^ 

0000 0 000004 ^ 

<r 

f 


4 f 


►"H 4 $* 

♦ t#ti#«##t 4 i’ 

f/ 

n 

111 

# 

C*> 

lO 4 f 

«wHi H*< yHl h 4 «HI hHI (pt«< «iw 4 9 **# 41 " 


i> 

Cl 

4 f 


# 

fv?CMCMCMCMCMCM<MrMCM 4 ^ 

IK 


Di 

# 

►«< 

CO 4 «- 

4 f 

o 

y* 

UJ 

# 


sr 4 f 

4 f 

■ ,1 

n 

Cl 


►wi>t 

CM # 

4 f 

iJL 



4 f 

<r 

4 f 

4 f 


< 



IK 

4 f 

4 i" 

ac 

|pWw 

Z 

# 


# 

4 ^" 

►HI 

< 

a 

4 f 


4 f 


<i 

o 

M 

4 f 


4 t- 




If-t™ 

#■ 

tu 

4 f 


«» 


O 

4 f 

X 

4 f 

4 ^* 

VL 


Iti 

4 

►>m« 

Ui 4 f 

4 f 



QC 

4 ^ 

|«ir« 

O 4 f 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

* 




# 


►-"< 4 i" 




a 

# 

O i/O # 

oodocooooo# 

! 






fw -4 (HI r «4 r -4 «H"I rHI »Hi rHI rHI 





►H 

}«*• 4 ^ 

4 *^ 

? , 





CO 4 f 

4 «' 




4 f 

►hi 

r-i 41 * 

# 




4 f 

< 

# 

4 J' 





3 ; 

4 f 

4 ^ 






4 ^ 

4 «" 




# 


4 ^ 

# 






4 ** 





4 *^ 


# 

4 f 


* 

* 

# 

# 

* 

# 

# 


ii 

:e 


o o o o 

f # f # 

ITi f 


o o o 

t f « # 

C" r''j o m 


# 

t'ls 


„ h-O'^OOtno^^orviO' 

«gf H* ■# 


fx: 

QC 


m 

f ^ 

<t 

If*!*' 

i /5 

tww 4 

O 


# 

# 

# 

# 

# 

# 


i«>oOin«oori^o 

fftfiftftt 

inr^<^f*4iAO'iAOiAO 

f«l *«4 CM CM im 


# 

# 

# 

# 

# 

# 

# 

# 

# 

# 


P 


I 

j 

i 


i 

f 



4IR FLOW ^ATE=18C~D C.C./«n 


# 

# 

# 

41 . 

# 

4 f 

# 

4 f 

# 

4 f 


O 


# 


2 r </) # 

o :z # 

fir' ID # 
CD U # 
v' C 3 # 


u 

< 

CO 


Ui 

i/s 


cvi CNj r\i lA tri tf'i in tn tn in 

*■ < r 1 - j i ; 5 ^.,^ 1 ^' si , . j I ., ^ j- 1 

r*4r.<4r^rHl«i»"4r»4r^-4 3ii»^ 


U> 

0 0 4 ^ 
o 41 . 

fM 4 f 
# 

U. # 

n lu 4f 
o # 

»»>« 4 f 

ccr c/> # 


m<Jrna>f\icosfo^i^^co 

OOf-ODOOstCUCMM 


O vO 
fSi r «4 *Hf 


‘IjfM'Mf IC*!^ 

# 
4 ^ 

# 

4 f 

* 

# 

^« fsi sS- 4 * f-' a> tn r *4 4 ^ 

CO ro 4 ’ CM 4 “ iU“\ m ch 4 ' 



(y'S 

4J. 

UU 

4f 



III 

4f 

CO H 4J' 

m cvj 4^. 


cO 

4f 

3?" </> 

4?- 

4f 

t/> 

3 

4^ 

ilD ^ 

4^- 

4f 

•J 

!>•«¥ 

4$ 


4J* 

4f 

1— «♦ 


4f 


4f 

* 

o 

UI 

# 


4f 


IL 

•U 

#■ 


4f 

4f 


cu 


e 

4*- 

# 

f 

GO 

# 

**JJK. 

4f 

4f 


r) 

4$* 

ua 4f 

0 Ait ri 0 0 r-i c. 0 0 c’:^ # 

IHwH 

CO 

4<- 

K X 





# 

»—» 


oc*on•onsc^ooo4^* 

Q 

n 


ID Ih^ 4«- 

iHl )»H «Hi rH r*4 rHl kHI r*HI i»* 4 iH! 4^ 

Ui 

Imw 

4f 

O 


4f 



4«- 

o 

4f 


Ui 

a! 

4$< 


# 


> 

< 



4f 


n 

-j 

# 


4f 

4^ 

u 

ID 


m 

4f 

4f 


O 


X 

4f 

# 

„|MIS 

l««w<4 

41^ 

1-^ lU 

4^ 

4f 

f 

o 

4f 

h" O 

4f 

00000 or>d004t 

X 


# 

|*<Hi 

# 

♦ «♦♦•§##* *4^ 

l-H 

iU 

# 

t^ t/s 


h*^I #.^4 (thI e*»4 i*‘»4 '*'•4 t**""! siwuij p'lwl 

4- 

o, 

4J. 


# 

CM CM IM <M CM C\J CM CM fM CM 4t« 

f 

oc 


>»«i Cs 

# 

4f* 

O 

U4 


h- z # 

# 

i > 

a 

# 

tfVi 41* 




4f 

< 

4f 

4 





# 

4f 

IL 

z 

# 



•S' 

O 

a 



# 

4f 


4f 


4f 

4$* 

<r 

jjlMNtW 


UJ 

4i* 

# 


u 

# 

x: 

# 

•S' 

<i 

U4 


♦-M iU 4f 

4f 

o 

icsi 


1“*"* d 

4^ 

000000000 0 4«- 



# 

»«NI 




o 

# 

O V> # 

oocooccooo4«* 



•JJ- 

2 







4f 

# 




</) 


# 



# 

»*-« rHI # 

# 




< 3 ; 

# 




4f 

3 : 

41^ 

41" 



4^^ 


4^ 

# 



# 


4Jc 







# 



# 

57* 


4f 



4f 

n 


0000000 O' 00 # 



4f 

|w4 

4f 




# 

H liU # 

m 0 'Cj 0 tA tn r*l f*** 4f 




♦"»W» X 

4f 

CM O) ^dh f^' CM C *X\ CM # 



4$. 

Q 1-4 # 

<fst^4*"^4"inintAiniiA4l“ 


# 

# 

# 

# 

# 

# 

# 

# 


oc: 

qc 


U4 

t \ 

X 

ifdt 

lr» 

m 


# # 

t 

# # 

4 f # 

^ t 

# oortooon»non# 

# ttffftfif'f# 

# inr^Of-iiAOtinoiAO# 

# , , ' ; ' ' - # 

# 


* * 4 c * * ^ ^ ^ ^ ^ 



3. AIR flow ^&Tfc = 18000 C.C./MIM 


</> 

m 


i > 

< 1 , 

Cl 


< 3 * 

(V 


-<r 


iij 

CO 

CD 

2 

n 


ty' 

<1* 

t J 


* \ » 



4^' 

4f 










# 


# 

# 

# 


# 






# 

# 

■If 


# 

# 



If 

# 


If 


# 

If 




m 


# 

■jjj. fw 


If 

pmt 


If 

, 1 


4f 

# INW< M 

# 

If 

# UL n 

# 

If 

4$* a 


If 

^ rr 


If 

O H 


If 

# u. 

# 

If 

# <c 

# 

If 


#ix\o<)niNco€’iri.rtin4«- 

4 tiu HI ^ m O CM OD <,> <i« sO # 

ocij::# rMmch-in<x)s0fns*^O# 


If 

ui r? 

If 

ism.| 

m ccj 

**•4 '•M* r'wl 

If 

If 

ry n 

If 

m 

rvi 

jp«H4 

If 

If 

«y CO 

If 




If 

If 

n 

If 




If 


tj a 

If 




If 

If 

o 

If 




If 

If 

>» 

If 




If 

If 

H UI 

If 




If 

If 

n-^ fsj 

If 




If 

If 


If 




If 

If 

t/5 

If 




If 

If 

|w*Hi*' 

If 




If 

If 


If 




If 

If 

<f 

If 




If 

If 


# 




If 

If 


If 




If 

If 


If 




If 

If 

yj 

If 




If 

If 

o > 

# 




If 


4f oC^mur^^D4'fH^^omln4^• 

# ni^# csjooomxOir\CM*^^o# 


O 

If 

UO H 

If 

OD H h- r’l -<f 

uHl 



If 

35** 

If 

yj 

O 

If 

<M CM ^ *U 




If 

lU 

If 

aj: 

<r 

# 





If 

n 

If 



# 





If 

tY 

# 



If 





If 

yj 

# 



If 





If 

A, 


cs 


If 





If 


If 

m 


If 





If 


If 

oc 


If 





If 


# 

w 


# 





If 

n 

# 

> 


If 





If 


If 

o >• 

If 





If 

Iww 

If 

L) 

t*KM 

If 

As fN» CM H 

m 

CT' O 


If 

u 

If 


h4 

If 

CM 4t <t 

m 

sD H 

OD 

in If 

LU 

If 


> # 

iff#* 

t 

f • 

f 

# # 

QC 

If 

t 

iNHi 

If 

fA r- O IT)' 


4- f\] 

r**4 

O If 

lh*4 

# 

Z H 

If 

CT' in 0^ 4* r»l 



If 

a 

If 

|«H O 

If 

CA M H 




# 



4* 

< 

If 





If 


If 

f 


If 





If 


If 

O 


# 





If 


If 

u 







# 


If 



If 





If 


If 



If 





If 


# 



If 





If 


If 



If 





If 



n 


If 





If 


# 

Lit 


If 





If 


If 

(y 

> 

If 





# 


If 

w 

H 

If 

^o<faDo^OHmc^i 

cn 

sO If 


# 

> 

jh-4 

If 

^crjN^0\|w0>co<xi 

w 

ri # 


# 

o > # 

f f t f « 

f 

f f 

ff 

# If 


If 

t > 

•T««f 

If 

IP, *& <P> VO (P 

C •# m 

H If 


# 

# 

* 

# 

# 


t o -jf 4^ m HI 

o < ^ 
o 


m 

c,> 


# 5r 

i||f H 

# C/> 


# 

* 
# 
# 

rit o Cl o Cl o n o # 

^ fttfffftff"# 

# lAHC^HtnomOiAO# 


# ^ 
# 


r4 f«4 CM CM 'm m. ,# 


r;/ 

iv*|^ 






-if- 



4f 















4^- 



45- 











4f 




4^ 



4f 











•^5* 







45“ 











4f 




•fi‘ 



41“ 











•V- 




•k* 



45“ 











4c 







44- 











jt 




4r 



4c 











4'- 




4r 



4f 











4c 







-f 











-4- 




4J- 



45- 











4r 







45- 











4f 







■>5“ 











4f 




4f 



45“ 















4^• 



45“ 











4f 




4J- 

j-- 


45- 











4f 




•K- 

♦— t 


45* 











45“ 




• 45- 


„j 

4f 















4r 

>— < 


45- 











4f 




4^- 

U- 

O' 

4f 











4f 




4f 


u. 

4f 











4f 





fV" 


45“ 











4f 





n 

O 

4f 











4f 




■>?• 

LL 

2=: 

45“ 











4f 




*«• 


< 

45“ 











*■2’ 




4^ 

c 


45“ 

O 

a- 

C" 

fC, 

o 

o 



O 

rj\ 

4f 




4$- 


lU 

45“ 

<j 

CX; 

■4- 

r- 



,,5—; 

O'- 

iC' 

a:- 

4f 




4f 

j— - 

o 

45“ 

« 

• 

• 

# 

« 

• 

* 

• 

• 

« 

4f 




45- 

o 

0^ 

45- 

vl* 

o 

Jv_ 

r^4 


■ nc 

CC: 

ft' 

r-^ 

O 

4f 




45“ 


CD 

45“ 

LTV 

\ si 

nT 


u , 






4f 



in 

45“ 


G 

4f 

V± 


r4 

r-i 







4f 



ii. 

45- 

CZ 

</“; 

45“ 











4f 



C' 

45“ 

O 


45- 











4<“ 



ZT- 

45“ 

o 

IL. 

45“ 











4f 



!«-» 

45“ 


o 

45“ 




' 







45- 

• 



45“ 

> 


4c 











-it” 



j 

45> 


G* 

4f 











4f' 



-J 

4r 



4f 











4f 



£.Z' 

45“ 

>■ 


45“ 











■>f 



cc- 

45“ 


m 

45“ 











4x^ 

» 

t/> 

IZ 




45“ 











4f 

o 

Ll.' 

•T 

45- 

o 


45“ 











4f 

• 



4r 

<L 


4r 












o 


CZ- 

45- 



4f 











4f 



H- 

45“ 



4f 











■VC 

"vr" 

> 


45“ 



45“ 











4f 

c 

»-< 

cc 

45“ 

',JLi 


45“ 











4f 

r“' 

h- 

c. 

45“ 

o 

> 

4c 











4f 


C> 

-J 

4f 



45“ 

o 

ir 



h““ 

cn 

o: 

u:'“ 

4*? 


4f 

r. 

<f 


45- 

< 

t-H 

45“ 

o 

0^ G 

^r» 

o 

-I" 

O' 

.cr 


■a: 

4f 

1? 


c: 

-> 



4c 


* 

« 

» 

* 

• 

« 

€ 

9 

• 

4f 

* i ’ 

P 

>— < 

45- 

c 

t— « 

4f 


S.4- 

r- 

r- 

c 

cn 

n- 

O'i 

r-4 

■.:4' 

4f 

j- 

UJ 

c 

45- 


H- 

4f 

04 


Oi 

O'* 

in 

r— » 





4f 

<x 

1~ 


45“ 


O 

45“ 

-“4" 

O’ 

04 

r- i 







4f 

c 

K 

i 

4 

c 


4- 











4, 


c 

c 

4- 



4- 











45 

IS: 

■*~; 

C£ 

4r 



45“ 











4f 

O. 

H 


45“ 



45“ 











4f 

-J 

< 

c. 

45' 

r?. 


4c 











4f 

U- 



•if 

l :. ; 


4f 















4c 



45“ 











4f 

c 


r 

4, 

L 


4c 











4f 

5 


c. 

-^5“ 

> 


45“ 











4f 






> 

4f 











4f 



h- 

-‘c 

t .5 

1--. 

41- 

lx** 



C:....* 

r-- 

C'" 

C '• 

r-s 


V'"' 

4f 




4~- 


>— 1 

4 c 

C 

c 


'4* 

o 

s:i* 

‘■4' 

'“t. 

O 


45“ 




%- 


> 

-if 

< 

f 

f 

# 

« 

• 

* 

# 

a 

* 

-> 




4f 

• 


4c 

ir\ 

r- 

.1-*. 

0 3 

c: 

,r- 

Oi 

r-- 

r-» 

o 

4f 




■ 


H 

4f 

r-4- 

si- 


r; 

C 






4f 



Cl, 



O 

45“ 

* 

r ' 

0“ 

f-.S 







4f 

CN] 



■ 45“ 

4- 


-K- 











45- 



> 

•' 


4' 












1 — ( 



4f 

Cl 


4f 











45- 

(D 



-'f' 

G 


4f 











4c' 



.w, ^ 



45- 











4f 

1 — 1 



-V 



4f 











45“ 

'9 



<- 



4f 











45" 

fO 

B 



■.“H- ■ 

•c 


4f , 
>5'' 















■ 



4f 











-5' 




45“ 

nC 

> 

45- 











“vl" 




i^C 

i . - . 


45- 

U? 

.CT:. 

V ", 

h»--. 

-'i ,' 

Cs 

o- 

>■■4 

’'.i' 

' O' 

45- ' 







4: 

V' ■ 














■ ' 

w. 

> 

'4f 

» 

* 

« 

•' 

• 

* 

• 

9 

9 

' ■ 9 

“if 




-H- ■ 

L 1 


45’'' 

(- 


sr- 

•%'i 


'■45 


i:" 


"r"-.. 

.45- 






t 

45“ 

. ■' . 


v;' 

1‘ 

^S*w ■ 

t 









.“t- 

* 

/ ■. 

4c 

l'~ 










45- 




■ , v. ■ ■ 














_V. 







“-■C 















”5"- 

f^‘ 


4c 











5“*4 




■ : 



4 c , 











-.■c 




<- 



•if 











45- 




"■•s- 

t f f 













-f 




■ - f 

i ) 







O 

,C’ 



v,' 

'C..' 

4f 





« 



* 

' ■ # 

« 

» 


. » 

« 


» 


•ii* 





'^*1 




P- 

C' 

c ^ 

L''‘. 

'O 

■'ip-. 


i." 

pZ 

: 





h~ 


4f 




»~r 

4,»4 

:x'4 

c 


'..I'v'i 


45- 







4f ■ 











4'r 




■■ , 

H-* 


45- 











45*“ 




4f 

O 


4f 











.■,4v- 



Table 13 AIR FLOW RATF=36000 C.C./MIN 


h"” I-- ■it' 

vil > 

n 

s: 13 . 

<C 

X --4^ 

f-- a. 

Kf* o ^ 

w 


« 


’• <!«•" 


o 



■►-*» ,4^‘ 





lU 



UU > 




:x M ^ 




0 1-4?- 

. . 2 : • 



X 0 4f 

UJ 



■■ <£ ^ 

.. 



a ^ 

:. 0 

CO 


X- lU 4?- 

■ 'S: , 

Oi 


Cv! 0 * 

■■■■'. iV'‘: 

CD 






<j> . * 




0 '‘-■•' 4?- 


'■I';/'-'-': .- ; : .;■ 


— * ;-a ^ 


:,.;■■■ 'm y 






.. • - # 


y'-:rCO ■: 




CO 




.' X 



■N^'O 

v-w.ee 


;ijl:-;:'"V4^; 

■ s: 



0 > 4f 


0 


H 4f 


. I-. 

4f 

J- V-« •«- 

12 : •; 



X > 4?- 


aa-'csi- '■■; 


.yj 


•w-<e 


"s: h^' ^ 

. 00 

X 


00 * 



4- 

X <■ 4?- 

• •- 

’ c 


■ 




X 44- 

*: l-S 

■ 0 


4- 44- 

\;'.> ■ 



4“ ' ;'44- 

. M 

tu 


:■ - ' ‘4?- 


fX 

4f 

'X- ".4f 


OC . 



, J ciq: , •,— 

•' ' ' IV. 


'-■ ' ..-.:4f 


IX 


■^■': ■'■ 45- 

0 



UL • ^ 

” yj ' ■ 


4f 

0 > 4?- 

1-^ 

:'""'‘'X '■■, 

•Jf 

•• ',H-4?- 



4^- 

H- 4r 

. a:' 


•X* 

,X. >.4?' 

ao 

H 

4f 

UJ 44- 


■' 0 ' 

4^- 

44- 


'■';- 'UJ ' . 

“K 

0 0 44- 


c 

4- 

X-< '4^, 




;ar4f 

■'0 ' 

. 0 '. 

'}$■ 

.Q .:''‘;,'.44- 

;;: uj , ' 



x'a'‘"4f 




cM 44* 

. 0 


*«' 

4^ 

w. 



4^ 

y Cr:':: ' 



44* 

■::: 



4f 

., 0 •.. 



44- 

'•ao ';:a 



0 ; 44- 




’u. .4^ 


^-moo^lAC^<nloco^ 
*«4' r- O'' lA *-4 %o IM «n «*4 ^ 

.|< Ch lf\ CD .m -fM 03 a<m' ^ 

'in ON ^ 'O''co r-' o o m 45- 

VTs lA AJ iA" O, 

•f ♦ f • #%-• ‘# ‘f f' ,f ^ 

<M m 4* -4;4' # 

niw^i r*.i #>*4 ^ fi^ ^ ir*t *»4 »w| 

■ - ‘ ' ■> !, # 

jillll 

0> 4>*t4 00"'{A -3^ 

(M o- 4- 1^10'^ tA ON 4 ni 4i* 

CO On. tn 'ON.-rNl CM' ■sdh\«>',0C5;r^ 

m" r-' o 4-;o^'ov^'fA‘^'-ND:,0>t'O 

.;■# .4<'. 

ON O On 0N <Js.'<5C^f CO' CO 






o co io oj 05 ^ i) ‘?o;o * 

O fO O^ td-lO' ^ <>‘D>'Q * 

.» '. •.' ij> '«,• ;’•* •;*'• if.v 

■tfl'-<M' »«»' to.'M 

■'N <>\ch'\^''if4a<s'ai -a*;. N’ics: *■ 
H O »-4;o<n 0'’'«0 
•t m cn in tct «A ch. h- atti oo « 
c c. r r e- r'" 

W O fM' •»>t •** .tv N # 

,■■ ;v ,: H'.wni.in *0 * 

■■ -■ --'■: * 


o o‘o 

-'O m ’.in o m 

in <n O' cr cm o i^ 
30 . ON m 4“ 0N 4- 00. 
,CCi'-0\;0' r-« '’C^^O’ -O' 

V' -in-cT'-'-'Wro-'' tr:- 

■'r^ r^'CM‘r4i'^r^':t'.:' 


0‘0‘'0 4^ 

.O 0:0 -K- 

f"-'#". •» ^ 

aN;iA‘«4“ ^ 
•rM.O'.<4 
tnTcNa'* 4 
rt^CSt-r'" 

-5^ 


H- > -X- 

<■ h- -X* 

. Ci ■ »~* ' "Sf 
X > 

<qr {- 4^“ 
V) u 
< 

4 ^- 


O CT' O A*; C O sf'. •%4 C 

O CO C^ OC 


>>'V, ::■•.■•' 

•'^-O o 

On 00 CO 

_ -A .. -VC. 


4- nC cn c- CD cr; ^ O «x- 

u^ ni <t <t tn r-i 

4" ro n4 r4 ■JJ' 


. . n-f 

ct G a p.'o o o O' o, o .* 

t.t »*# f f « t « 

ix\ r- On »-4 m o tn. c m, o 4^ 

r-l r-|. ni CM \M} 'fC. 4 ^ 



AIR FLOW R&TE=36000 C.C./I^IN 


# 


# -If 

o ^ 

^ CO 

^ Z) h^ 'if 

*^0:2# 


voh . n 

if c:> u ^ 


if 
if 
if < 
if CD 
# 

# 
if 
if 
if 

if 


U 

o 


tM r-^ V 4 - , i'f,i m ,1 


UJ 
CO O 

IwHl 

:z u> if 
., 3 # 

-if O Q ^ 
if cj :2: if 
if CM # 
'M' 

# IL 

if a m 
if a 


c^ in r^' si* c^ rn 

n 4 CQincofn»^!^f^fHi«* 
ni w f -4 


•If- 
if 
if 
if 

ac CO if 



CO 

^ Ui 

if 


lit 

if CO h- if 


cc 

if :s: io if 

</? 

w 

if Z> pH if 


H" 

^ z 

if 

rr 


if 

if 

0 

l! 1 


if 

U. 

<n*J 

if 



CL} 

if 0 

if 

f 

CC 

if z 

# 

2: 

3 

if *^UJ ^ 

pH 

cc: 

^ h* if 

if ZC if 

Q 

0 

if Z> if 

a,; 

!-*• 

if 0 

if 

a: 


# U 

if 

Ui 

CC 

if 

if 

> 

< 

# 

if 

c 

«J 


# 

u 

3 

•»’ a; 

if 


U 

’fi' Z 

if 

#-»► 

pmt 

4I- •--« UU '}«• 

f 

0 

•jf f- 0 -if 

z 

z 

if ir^ if 

r-* 

m 

if 0 cn if 

4. 

CL 

if Z 

if 

t 

cc 

if a if 

c 

yj 

# H z # 

u 

a 

# *-r CM ’ii* 



<C 

# 3: 

# 

if 

IL 

z 


if 

C 

0 


if 


r-< 


if 

< 

Juiw 

# a? 

if 


U 

# z 



iXit 

’ff H-« tJJ 

CJi 

CC 

if h- a if 


r-* 

if 

rni 


U 

if U1 


<^srorMCs^ms^r-^(^. 
sr O' in r: w*- 4 '4- cn 

<OiAQfOS^f\lr-«r*<Wr».^ 
CM <M CM 


C' D O o o O o o O O 
Q C O O O C O O C. O 


0000 o 0000 o 

pH rM rHI r*»l rH ir 4 pH rH 

rMrsCMcMCMcacMCMCMra 


C O C‘ o O C o O c C if 
Q C‘ u V C* U U u C *«r 


"Jf 2!* # rH pHi f<*| rH r^i iiH f*H r^l r*^ 



r -4 1 — # 

if 

if 

H yo ’jf 

if 

if 

r-n 

rH 

# 

if 

<r 

if 

if 


3: 

if 

if 

# 


if 

if 

if 


if 

if 





if 

z 

if 


if 

0 

*»* 0 C*' C 

U 0 0 C U c C' 

if 

rH) 

Htt* • f f 

ffffff## 


# I- IM ’W’ U't p'J 0 : CJ S. f,; ’ft' 

if :Si. if CM u\ rH O CD pH U'\ m if 

if c if tr< i£\ iT', o o <1 sQ r- # 


4 |. 

< 

t— 


# 

OC 

# 

if 


cr 

if 

# 


rn 

# 





# 

if 


# 

# 

if 


# 

if 

if 

m 


if 


u 


00000000 0 r; f 

if 

Z 

# 

fRfffftttf’K’ 


<c 


tn r- 0 ri 0 r » 0 in 

if 

H 


rHrHCMCMfnmsi''# 

# 

CO 


if 

# 

rn 


* 

Si 



’ii’ 





Table 12 


n 




•?<• 

# 


4? 

4^. 


4< 



# 

4|* 


4** 

4?* 


4 

# 


■’. 



Ak 

•nf 


Ah 

4f 

4f 


if 


# 

4r 



A(r 


Ac 

Ah 

4f ^ 4^^ 

Ah 

^ 1 ^ V 

j 

A 

■?f .- 


Ah 

# IL 

- T" Af 

4h 

# 

U- ■?«■ 

At" 

’Jf rv" # 

# 

# n r, 4 f 

Ah 

■^^• a 

-V 

Ah 


Ah 

Ac 

^ c 

' # O O 1 « C '»>.' .- t O f 

1 Ah 


’ ■ -w • .i r : ' 0 1 - 

* 4ir 

# i--. 


« 4f 

4?* C," 

‘ 5 ; 4^- V' 1 " " .'.* ' .7 

Ai" 


* , 4!' . i * 

Ac 

r,. 

_ v; .. t,. 

f 

'> f. 

V 

Ah 

# f 

A^ 

Ac 

"'.f t:^ 

1 . Ah 

Ah 

".i 

-i“r 

Jf* 

> 

4? 

4 

*(' j 

"‘c 

4 ; 

•/f . 4 

^ ,.' «'f 

4f 

y 

•U 



f 1 1 

4(- 

*3r J 

’>'[ 

A: 

(( 

Ai" 

4f 


As 

4f. 

.'t 

Ah 

4f 


Ah 

4 ;- 

4 


4f 



4r 

O 

> 4^* 

Ah 

i‘f T' 

I- 4f C ir 7-' 0 ‘ a r' 

. 4f 

•JJr 

4r 0 n* s4 c C a 1^ a 

f 

/r 

''' \l' (i» # *1 *«(•#«## * 

s 

•If t 

H*ti Ah i'' ^'i f 7 J ' t ' *• 

Ah 

U’ 

8 •' V fi ■ ( i ' . t ♦ M ’ 1 -'. 

4f 

. 

< '. Ah at'. 

4i* 

*? r 

^ A 

4. 


A^ 

4. 


Ac 

*th 

•^i- 

Ai 


**•' 

j;. 


i- ? 

if, 

4f 

c/ 

Ah 

4f 

*5; $ 

Ah 

4f 

> 

Ac 

4^. 

•J. . 

> Ac 

-> 

i > 

h 4r h . ’ ■- 1 r; . 7 

4r 

*-e 

«“ -' Ac ^ ' 4 . ' 

4 : 

J , 


•sc 

45* * 

»•. Ah U. f • ^ 1 r.. ^ 

4^ 

<' . 

1- Ih , N? . f ' 

4f 

s^ k» 

C’ <' 

41' 

:I" 4- 

A* 

'h 


A' 

A 

4f r: 

i^f 

•ih 

i 

"C 

Ak 

ii 

4r 

Ai 


4? 

Of 

'11 '/ 

> -r 

ih 

-f , 


4? 

i\ 

•##»(*♦»#«# 

4!-- 

■^? i J 

j”. . ^-} ,;i / C l, » 

^f. 

Vt 

1 41- . n' 'S t‘ .' 1 

4r 

fC" •» 

4? f' ^ ‘ .' 

Ai 

r 


45' 

41- 

Hht 

4^ 

n| 

4f 

4f 


# 

Ah 


# 

Ah 

^ <1! 


41" 

-Ic t > 

Ah ; 0 ' C.' 7' ' C r 

41- 

Ah 

Ah iitf##ii*w«i'ii»# 

-if 

<r 

# ii, r ^ u', 0 y , r i-n 0 

Ah 

# j- 

# »*.! ra Cm r’''i 

# 

# «/-! 

41- 

# 


# 

# 

# O 

# 

# 



able 




^ 



•I. 

# 

> 4k 



4k 

# ; 

• i ik 



4f 

# ; 

' 

'c 



t 

Is* 



'. 5' . 

. . 41 ;. 

4k r 

'1 is. *, r 

' r* f‘. ... si 

’ t ' 


r 

' t > # ^ , 

t ^J‘ !• f . 


L 4k 


‘ ‘^•' ' f‘ 





r 45- • . j i 

' - '..' 

'7/ 

* 1 . ', 4k 


. 4^- « 

# l« t » ( 

» f f 

P 0 4k 

‘.‘i 

‘ .. 

i* '** •> Si’ 

■ s* 

i '.'i" 4 


- 4 ^ 




# C 

, 4^ 




# r 

< 4k 



4 

4f ^ 

4k 



4 

# 

# 



4c 


# 



4k 

4h 

# 



4k 

# 

4 $. 



4-i 

# 

> 4k 



4 


t' 4f 



JifL 


4k 



4k 

# 

> 45’ 



4k 

■Sr . 

^4?* . 


t. . ’ 

, i»' 

r‘ 

1 " 4k i,. 0‘ 

\ <f- 

r r 

' r 4 

4k «- 

C .» w C 

n't Ct* t'5 r* 

": u L 

. - i , *H* 

4k 

. ; 4f ^ . f- 

n C‘ 0 

"i L 

r .r 4 

Tff w < 

4^ o'* ^ 

r» |'«.,. *y> 

i) > i 

1 », 0 «5(* 

' ' 

^ n • • 

« « # f 

# f« 

$ « 


4 L‘‘ 'T 

T' f C ‘ •■■ 

, < r 

r .. 4k 

•i" ^ 

Al 



4r 

• 4 c { 

4k 



4c 

« - , 

t 



.f 

4r «- ..< 

nr 



■^r 


4 



4.^ 

4f. 

“‘'f 



4f 

^'r 




4^ 

4k 

’55" 



■fl* 

4'r 




ik 

•Sr LI. 

4 



4k 

"‘c 

>“ ’ll" 



4k 

•ii 

} ■ 4k 

'-• t /“ h'j 

>r,i < • ‘4‘ 

C 4f 

41 h 

*~ « nr , ' ‘ 

ss 0 ■:' (f' 

<5 O' c 

• C- 4?" 

-51- 

> 4k p # 

» • p * 

# » 1 

1 « 41“ 

.'; , 

, 



w "■‘I” 

At 

s- 4k i 

O' 

^ i\ 

C 4f 

u: 

iJ # V , 

,“»4 ' ’ ''5* 

"-C ' •* 


4}" Z 

'■ 4k ,1 ' 

i‘'^’ Li , r* 

r* ^ - 

, tr . 4^ 

4' 

4' C i 

c t f • 

t •^' If 

1 4. 

At "T 

4k C } 

>: * 

^ ^ f 

t 

4^ H 

4^- 

r », • 1 '■ i, 

is • *’■ • , 

} ' . 41“ 

ik 

4 



4k 

il 




4k 

4^- 

4k 




4J. 

4k 



4i 

4 . 

4 .” 



4' 

45 . 

41“ 



41 

45' L'. 

nh 



41*' 

Ak 

iilr ‘4r 



jtn 

J>^ 

(•41 

i 

1 ' _ , 

*','. 4* 

h 

41 ♦ •■ 

0 « « 0 

» * « 

» » 


«* 4 ? 5 ? 

n* “ » 

1 ‘j* h 


4e >■ 

r* 4 '■f 

' C' 


. # 

ir 

’. • -M 0 

( V - 

f , : 

. ' 4r 

4 : 

< 4’ f S 

r 1 r r 

1 C C 

f 4 

45'- 

4^" r . '1 
r.k 




ik i 

f 





4k 



41" 

li* 

-'f 





41' 



J'm 

-5' 

-k 



Jt, 


•* • 


.S'" 

-j." 



4 

. ’ < 


' n ' 

**' 


1 

41 

* * « 

# 

# 

$ * 0 

« 





4; 

r 

* , 



' 

ir' 


f 



*' 





4k 

4f 


h 







4f 

jf'» 

C''' 


45 






4k 

4|. 



Iv- 






4k 

4S* 



4k 






4k 

4J. 



ik 






4k 

"'1' 









4k 

4k 



41' 







4f 

! . 


•4}* 






4k 

# 

L> 


4f 






4f 

41- 









4h 

# 



•4 

f 0 


-•' ‘ , 

• ‘ ’ 0 ■ 


/' 41- 

41* 

j... 


•H* 

0 p 0 

# 

# 

# f # 

« 

t 4f 

# 



* 

r-" «> 


ir- ' 

1,0 m r:* 

iO 

T" # 

* 



4k 


rH 

i)»**#,j 1 

fni CM 

r 

<!' * 

# 

il.s 








4k 

* 









jk 



' n ] 

i •'*' 


# * # 

# O # # 

* zr ^ 


# D H # 

# o z *# 

# a: 3 # 

# c; u ♦ 


# 

Ct o o O* O o Q o CO# 

i\i f '4 V'a r-a rs! i;\i c\| rsi Csi m # 





# x: u # 

r*^ r***! r*l r^{ W 




# o # 

# 




# -Ol # 

# 




# OP # 

# 




# * 

# 




# # 

# 




* w # 

# 




# </) 3 * 

# 




# H # 

in m iv 0 r- tA *<r Q # 




# Z i/> # 

r^ooo^orooo^tAfom# 




^ D # 





# O O # 

in |t> r 4 # 




# u z # 

# 




# <M # 

* 




# # 

# 




# a # 

# 




# o ai # 

# 




# o # 

# 




l«HI # 





# oc cy) 

qor^or-r^'nimr-tAro* 



i/} 

# a 




m 

# 03 H- # 

0 " 4 ” sj* IM # 



m 

Z t/) # 

# 



z 

# 3 iH # 

# 




'S^* Z 

# 

» 

w 


# # 

# 

z 

mJ 

UJ 

* * 

# 

IM 

pmi 

.,, ,t 

# # 

# 

Z 

a 

m 

* O # 

# 


a 

OD 

# Z # 

# 

f 


3 

^ a 

0 c 0 0 0 0 0000# 


f 

CO 

K z # 


• 

z 


^ Z i-« # 

00000 C' 0 0 0 0 # 

o 

fm 4 

O 

# 31 -# 

*,,#1 ^ fHl rHf W rHI rHj fH* i «*4 # 




# c # 

# 

o 

a 


# u # 

# 

o 

ai 

OC 

# # 

# 

o 


< 

# # 

# 


a 

•J 

# # 

# 

tn 

> 

3 

# a # 

# 

It 

o 

O 

# X # 

# 

til 

u 

|wi 4 

# #-» a # 

# 

H 


a 

# H Q # 

0000000000# 


♦ 


# 1 -^ # 

ft»##«fff## 

C£ 

a 

Ui 

# CD C/> # 

iHI rH! 1^1 ir*i r'"* iHI rHI 


u 

ex* 

# Z # 

AiCMnaCMCVirMf^CVfAICM# 

3 : 


a: 

# O # 

# 

C 

iL 

a 

# H Z # 

# 


o 

Cl 

# ♦-H <\i # 

# 

a. 



# < # 

# 


<c 


# 3 : # 

# 

tX 


z 

# # 

# 

h*<i 

< 

a 

# # 

# 


o 


# # 

# 




# ai # 

# 



u 

# X # 

# 




# M a # 

# 

« 

1 * 


oc 

# H" o # 

0 0 0 0 c> 0 0 e 0 c* # 

1 



# # 




u 

# CD </) # 

0 0 0 U 0 0 C 3 C,? 0 0 # 

* 



# Z # 

f««l f»^ fw| r »4 i>w| r'*l r*< # 




# Mi 1 — # 

# 

t 



#!**»</)# 

# 




# |h -4 fP^ # 

# 

t 



# < # 

# 




#3: # 

# 




# # 

# 




# # 

# 




* # 

# 




# z # 

# 




# U # 

0 U 0 0 0 €> 0000# 




# 1— « # 





# h- y,i # 

rsi 0 r- a* i./ C ^ # 




# X # 

000 r-i f«« ® 0 0 <M a # 




# C # 

'iTi '‘O «t nd 0 # 




# I** # 

# 




# QC # 

# 




#0: # 

# 




# # 

# 




# # 

# 




# # 

# 




*$ 1 ' # 

# 




# a # 

‘St' 




#0 # 

c c 0 0 c: 0 0 0 0 0 t 




# Z ♦ 





# *< # 

m, 0 lA c iA 0 lA c* # 




# !•%» # 

r 4 M' '<<1 sj- # 




# c/) # 

# 




# h 4 # 

# 




#0 # 

, # 


1 


[ 


f 


I 


i 

I 



AIR FLOW RATE=54COO C.C./RIN 


I -S' 

" in ^ 

I # 

^ z: ^ 

D *«* o o 
o ^ 

O # W 


cocmmmtAiA 

fo ffi Pi ji^ m <t‘, |T\ 

ifW'^ *««4 hkm’! r'wi *».| f«4 


. a # 

> # 4 * m 

to ^ 00 ff 1 

00 

• O CM ir*< 

Z ^ 


oo 44 '(sjjir^sf^f 0 

j(^ QO C 0 *t f\J r*«l iM f«<i 4 





UL 4 f 



* 

0 Oi 4 ^- 











# 

tx in ^ 


00 


lU 4 f 


lU 


OO h"“ 


CO 


Z 00 4 t* 

t/) 

D 

4 ^' 

ZO r^ 4 f 




Z 44 " 

<w«* 


4 f 

44 " 

0 

U,' 

# 

44 “ 

IL 


41 " 

# 


cc 

4 ^ 

0 •«• 

f 

s 

4 f 

Z 44 * 

Z 


# 

»-« yj 44 " 

►H( 

CD 

# 

Z 




Z 44 - 

0 

0 

4 f 

ZO H 

lii 

h- 


O 44 * 

QC 



U 44 " 

m 

o: 


44 " 

> 

<£ 

4 f 

# 

0 


# 

44 " 

0 

ZO' 


UJ # 


u 

# 

Z # 

»-*% 

►-I 

# 

1-4 UJ 44 " 

f 

0 

4 f 

H 0 44 " 

z 

z 

4 ^- 

Hr** 44 * 

)M 

IXi 

4 f 

0 CO 44 " 

4 “ 

Ct 

4 f 

Z 44 * 

f 

oo 

# 

»"«""* 0 44 " 

c 

Ui 

41 " 

H Z 44 * 

u 

Cu 

4 f 

N 44 - 



# 

< 44 " 



4 f 

Z 44 - 

Li. 

z 

4 ^* 

4 t 

0 

0 

# 

44 " 


IN"* 


44 " 

< 



yy 44 " 


u 


Z 44 * 

< 

Oj 

* 

tii 44 - 

0 

OC 

4 t' 

4 - 0 44 - 




•-4 4 <- 


CJ 

"jfr 

0 CO 44 " 



4 ^- 

Z 44 * 




►-« H- 44 * 



# 

►»» OO 



4 «" 

►-4 r-j 44 * 



"N" 

< 44 " 



i^ 

3 : 44 " 



4 ®" 

44 * 



4 «" 

4 f 



4 «- 

44 " 




Z 44 " 




U 44 " 



4 *" 

l-H[ 



# 

H' ki.” 44 " 




Z» 44 " 




Q ' 1 -^ 44 " 



4 f 

< H 44 " 



4 ^ 

csj: 44 * 



# 

Oi 44 - 



# 

jHM # 



# 

# 



4 . 

#, 



4 ^ 

# 




ty 44 -’ 


oocx)COOf«ior^(cn 

sc*.«iOONU*<i-<rsi* 

i;«^| ^ ^ ^ 1 *^ 

f\| r«* 


' o o o o o o o o 

■ Q C O o O o O o 

I |w«f ,p«f (4 uHl f¥4 fHi uHl r*4 


o o o o o o c o 

ffff##** 

if04 rHi fHt rH! 


o o c o O o o o 

f ff#ffff 

U*UCC>UO 0 JC> 


O Q C Q O O O O 

r*"® U"! r'"ii ^ ^ wi 

■<r <5 OT' ^ 

4 - UP. Nt“ iTi |w f- 


OCT/ O' O Cl o o 
o *-i m O' tn o o 

H *-4 <Vj (M rO "#■ 




S^TLR^THC ACTIvITIrS 




C£. 


\D 


1 

f. ’ 

r’ 

'n1,* 



¥ ¥ 




>)> ¥ 




i-p> ¥ 


“A 


^ ¥ 


t 


¥ 




¥ ¥ 


4* 


'4 ¥ 




¥ ¥ 




¥ 


¥ 


¥ ¥ 




¥ ¥ 


¥ 


¥ ¥ 


¥ 


¥ jC. 




¥ ¥ 




:n Lw ¥ 


¥ 


PH- ¥ 


¥ 


¥ ¥ 


¥ 


n TT «D n 


m 






¥ U- CJ ¥ 


m 


¥ UU ¥ 


♦ 


¥ iX ¥ 


* 


m CJ U ¥ 




¥ LL 2: ¥ 




Jf« <1 ^ 


¥ 


¥ O ¥ r:' (\ ^ 

CA c 

if 


V * , ^ ?}t 0^ Ni* If', t/»; r-4 

O' 

' ¥ 


¥ h” D ¥ 

* # 

¥ 


?/« c ¥ t'i' c\: CL» f\| U' Ni“ 

s**-! rHi 

¥ 


^ ■ 3 ^ 'r (M i; ^4^ f^J 


¥ 

</l 

¥ a: u ¥ si* CM CM 


¥ 

*4 . 

ip in io ¥ 


♦ 

QJ 

¥ U ¥ 


¥ 


m Lj UL m 


¥ 


m u ¥ 


¥ 


¥ :>*' m 


m 

‘ LI 

¥ 1— lx.i ¥ 


¥ 

-J 

¥ ¥ 


¥ 


¥ 2> Ir^ ¥ 


¥ 

as 

¥ CO sp 


m 

ID 

3$s H- ¥ ^ 


¥ 

a^ 

# U ¥ 


¥ 


m <l ¥ 


w 

Li 

¥ ¥ 


¥ 

H* 

¥ m 


¥ 


m ¥ 


¥ 

Of, 

¥ UJ ¥ 


¥ 

<1, 

¥ u >- ¥ 


¥ 


m x: m vO r^ r«i tr. m ,rs 

ir <> 

¥ 

-J 

jp < »-« p c O 12 CL CM u.' a* 0^ 

¥ 

u 


f # 

m 

iH-t 

sp CJ l-H( sp OsJ o O W» »-s CT' St f*s C; 

¥ 

a 

ap to K n CC! OC^ r-i <f 1/ CM 


¥ 

-d: 

»p JiJ <3 rC' CM ra rL 


W 

lii 

m oc <. m 


¥ 

a. 

m ¥ 


m 

o: 

¥ n 


¥ 

l,L‘ 

¥ m 


¥ 

a. 

'n a ¥ 


m 


n U! ¥ 


w 


jp or. ¥ 


¥ 


¥ ifj ¥ 


¥ 

u 

m 2> w 


m 


p U >“ jp 


# 


¥ Of**-- 4^ r- fc> CM ff> CP in rvi rn r- 

¥ 

u 

¥ »-^ncpa'CPiiiif«s>C“CPtp 

c:» r'- 

¥ 

yj 


# # 

¥ 

(X 

¥ # CO 0^ Ui ^ r»i 

r*i C” 

¥ 


)Sfi #«£# f*^ *||R »41 U1 


¥ 

LJ 

M CD 4 CM fM r-i 


¥ 


p < n 


¥ 


»p ♦ ¥ 


¥ 


n CD n 


m 


♦ o 
m 
¥ 

¥ U 

¥ U.r 


♦ U 

W <l 

u 


¥ 

¥ 

¥ 
m 
¥ 
m 
¥ 

¥ 

■¥ 

W 
¥ 

¥ iii 
m o 

m M. 
0 

m. 'ir 

¥ Q 


cr >- 

tii 

j> . 1 ^ 

U > 
c> ^ 


?fc 
3«»5 

m 
m 
¥ 
m 
m 
w 
m 

'»-*i 

gi ^ ^ 

¥ 
ap ' 

in 
>m 
¥' 


-T o w c\f %r CM -r 
c y' V' C* u u" r^ 

#«i»#f#ir#t^ 

O' CM ^ CM rHI Jp 

^ tyf'i U' |f> ¥ 

. ' m 

m 

, ' ' m 

« 

> , ' ' ¥ 

i. ' ' ' ' ¥ 

i’ 0^0 mM‘ o '#'<v’ # 

/Ip, ; ^ , 'p, «♦ <'>is^ ’ # ' ,^;,^# ,,S|| 

r* ,'ci^’.ii^'.M,l P UC'i','V''k^’ P v 

m ' ' tM /oa "sr.! ,^',. 

'V ''' '/S 

"#' ■ "f V';.;;. ' 1 ,, „ , ^ 

'¥ , '>' ;'■ :' ■ ':,f/ './m!' ; ' " ‘ 


72 


I 



# 

* 

# 

# 


> 

H" 



• 


If 


u 


If 


l*l«* 


If 


ill 


# 


•*«■ 


If 




If 


X 


If 


iU 


If 


X 


If 


r,« 

to 

If 



U,( 

If 



a> 

If 


X 

Z) 

If 


i . 

u. 

If 

# 

4- 


If 


*« 

; i,..» 

If 


k* 

mihJ 

If 

>„ 

* 

'0 

# 


u 

!3Ci 

If 

f 

X 

<mtm4 

If 

o 

o 

CC* 

If 

# 

X 


# 

u 


o 

If 


o 

k 

# 


kT 


If 


< ' 

ct 

If 

* 

««> 

<l 

If 

4 

i/} 

mJ 

If 

ii\ 



If 

)] 


u 

# 

U' 

k- 

tmi 

# 

H" 


Q 

# 

< 

> 

X 

If 

OC 

f»"^ 

LU 

# 


k- 

Cl 

If 

3: 

u 

or 

If 

O 

< 

yy 

If 

•J 


Om 

If 

UL 

o 


If 


UJ 


If 

a: 

k* 

X 

If 



a 

If 

< 

oc 

pmHt 

If 


D 

k 

If ! 


k 

u 

If 



UJ 

# ' 

* 

«/) 

oc 

# 




If 

■r- 

o 

o 

If 1 


u; 


If : 

! •> ‘ 

|k 



j..; 

u 


# 

1 ‘ 

m 


# 

*r*« 

a: 


If 


QC 


If 


o 


# 


u 


# ! 

Jti. 1 


> 

o 

X 


liJml 

VsJ o 

a 

C; 


5 SL 

O 

X 

a 

X 

04 


# 

# 

# 

# 

# 


> 

|l*(M 


o 

UJ 

< 
a: 

3 > 

<1! H 
^ U 


# 
;> “^r 
* 

K # 
U # 
<l If 
If 
yu # 
o # 

li- 

If 
If 
If 
If 
r- If 
>- If 
k- If 
If 
If 
If 
H If 
U If 
< If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 

If 

- If 

• If 
« If 
‘ If 
k If 

- If 
» If 

# 

If 

# 

If 

If 

If 

If 

If 

# 

# 

# 

If 

If 

If 

# 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

# 

If 

If 

If 

If 

# 

# 

# 

If 

If 

If 

# 


* 

If 

# 

If 

in -C' CM !'*•» r*. .! O ir fM If 

CM CM fTj tn h* ^0 in tn If 

a;f CC* O' - 4 ' o U,‘ iM o IX*. If 

‘ Cr^ O r s CT' 1*^ # 

tff##t##f#|f 

CM m 4“ 4" <4 iA cn U’^ 4' 4“ If 

r*. .j »«« . (FM< )f» m. iiH# iKd ( If 

If 
If 
If 
# 
If 
If 
* 
If 
If 
If 
If 

If 
# 


N- <{■ 
(M 4 ” 
OC' tn 

st) 0 ^ 


u u'. - ■<.' 

SAi 4' CM cn a» A 

a> LA o r*? 4 * to m 

„ 4' CO cf' N cr^ If 
<M W^ CO 0) 4* O 4) CM # 

a^o^o^crc^a'coco^'^‘•lf 

4 

If 

If 

If 

If 

If 

If 

# 

If 

If 

If 

O4*C0CM4)O4'4)CDOlf 

incT'f^sfoocoo^'OOif 

• #*f#tf*#tlf 

cr 4' 4' o -vC e ^ . o If 

ir<>h^0^C0h«sO4“4“4‘CCflf 
0>i«-iNU>yr^mO4'CMC0if 
4-OfH(0<Mr^CCh-4>4"^ 
CM sO O 4) 4' 4 in CQ‘ lA If 
IMf-4CMOiA4>cn0'tnlf 
i«4<MCMirn<ArMrMc\ilf 
If 
If 
If 

If 
# 
If 
# 
If 
If 

if 
If 


O lA 
IT. iA 

♦ « 

|N 

CT 


o 

0;« 

t 

4" 


in o o c r. o 

4 * tr^ oti 

f # f t # ♦ f 

on-cooor-so ,. 
,. .moNommcno^if 
tA 4 }OOr-C<OOOr- 4 iAlf 
04oocomco«ArrjcM^if 

irl «H( If 

If 

If 

If 

If 

# 

If 

If 

If 
If 
If 
# 


cii tn Q in 04 A- 4“ 4 cn o 

0 > CO 00 4 lA r*l fC| rk CO O 

f 

m 

CM 
4 


If 


If 

If 


If 

# 


If 

# 


If 

If 

ai 

If 

If 

u 

If 

# 

z 

# 

# 

< 

# C 

# 

'k^ 


# 

CA 

# t 

# 

Ml 

, If 

# 

o 

# , 

# 


, # 


CT’ CM MO 00 'CM CO 4 rM' r-l If 

CO CM in in CM If 

CM CM rl If 

If 
If 
# 
If 
# 
If 

# 

If 

•# 

O O O O ;Q O o O O If 

iff •'##'#«## 

i^cOf^imoinoiAOif 

‘r4,*wlC\lfNICAfA4lf 

„ , '' ' 

If 


73 



75 


BIBLIOGMPHY 


1. Dorner ct.al, I.S.E., 9 , p. 221 (1961). 

2. J.V7. Coopers B.S.E. , 10, p. 1 (1961) 

3. Mster and G-ast , IT. S.E., 11, p. 167 (1961 ). 

4. Be Juren et al, N.S.E., 11, p. 179 (1961). 

5. .(Imster and Gast , N.S.E., 11, p. 192 (1961 ). 

6. Joanou et al, II.S.E., 13, p. 171 (1962). 

7. R.K. Pascliall, N.S.E., 20, p. 436 (1964). 

8. Fary liter, F.S.E., 23, p. 264 (1965). 

9. Kallimullala, M.Tecli. Tliesis, Mech. Engg. Beptt., 
IIT Kanpur, p. , July (1970). 

10. P.R. Rao, M.Tecli. Tliesis, Mecli. Engg. Beptt., 

IIT Kanpur, pp. 24,27-28 (1970). 

11. P.R. Rao, M.Tech. Thesis, Mech. Engg. Beptt., 

IIT Kanpur, pp.26 (I960). 

12. P.A. Valente, A Manual of Experiments in Reactor 
Physics, The McMillan Company, K.Y,, p.90 (1963). 

13. P.A. Valente, A Manual of Experiments in, Reactor 
Physics, The McMillan Company, N.Y., p.64 (1963). 

'll P-E. Palmedo, K.S.E., 32, p.310 (1968). 

15. Kaimullah, M.Tech. Thesis, Mech. Engg. Beptt., 

IIT Kanpur, pp. 40 (July, 1970). 

16, P.A. Valente, A Manual of Experiments in Reactor 
Physics, The McMillan Company, K.Y. , pp, 36-38 
(1963). 


i 



76 


ilPPEKDIX 

■ ■ SiUffiPLE C^LOUIjATXQHS 

T^0 Tjl*tj 3^ ^ ^ 

fhe procedure for calculating age of Pu - 
to Indi-um resoiiaiice along with sample calculations 

flow rate of 18,000 cc/min. is given below. 

Procedure 

1. Draw graphs Pig. 16a, 16b, I6c from Table f'* 

2. Take values from these graphs and calculate 



5. Pom Table 19 

4, Prom Table 19 find area under non-exponential 
tod and 4th moment curves 

5, ifind area under exponential part of 2nd and 4th 


moment curves 

6* find total' area under 2nd and 4th moment curves 
7, Find error "in 'area';';Under 2 xki at. - *** 





As COUNTS/ 


PIO '16 W), ,■ ORAPM’^: '0f FQitS- 

■s-'ift AiR f-.j'>v;' PAtt ;OF ?6f.0ri,'C jf '/MIN 'A 

, Dipa'noN' PeRkNpiCwiiAS''jo;,'|wifteTiJee0 v 







M— 


From Table 19 

Using Eq. (45) we get area under 2nd moraent curve for 


6x = 2 era as 
(Area). 


1 Non Sxp. 


= 2.0607 X 1 


.^5 


and also tlie area under 4th raoment curve as 
(Area )2 = 3.70o1 x lo”^ 


A.rea Under Exponential Part of 2nd Moment and 4th 
Moment Curve 

From Table 9 we can calculate the values of 

5 

Least square constant A = 4.446 x 10 and of 

- 1 

Least square constant B = -0.935 x 10 

Using Sq. (40) and Eq. (41) we get area under 2nd moment 


curve as 

(Area), -rp = / A e = .5036 x 10^ 

I UiXp . p /) 


and area under 4th moment ciirve as 

°° Q PY 7 

(Area )2 ~ -f ^ “ 6.6359 x 10 

Total jure a Under 2nd Moment and 4th Moment Curves 

2 

Under 2nd moment (I.j^ ) curve 

O 

Total /ocea = (Area)^ + (.Area)^ 

= 2.5643 X 10^ ■ 

/ 4\ 

Under 4th moment (A .^r ) curve 

= (Area)2 + (Area)2 3^^,^ 

= 10.3360 X 10'^ 


Total area 
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Prom those ’,ve get the errors from Eg. (42) as 


E fi. 


(10 + 5)^^^ = + 5.87 


and 


from Lq. (45) as 




6 ^ 24 2^;V2 . ^ 93.0 

24 

r '' 95 . 0 )^ , 0 ^ 


= EX(12)-^ 6x24x2^^^^^^^ 

= + 0.225 X lO'^ 


24' 


1 /2 


^ = 6 X 24 X 24 X 24 

= 5.4 X 10^ 


(5250)^ + 

( 6x24x24 r 24^ 


1/2 


,E L^‘ ^ EY(12) = 6 X 24 X 24 X 24 X 24 


^ (54000)^ + 2x^ 

(6x24x24x24) 24 

= 0.1285 X 10^ 


1/2 


under aon-Sxpon ential_Pari,of_2nd_t^^^^^^ 

Moment Curve 

Slmpon’s TOle for area under the ounre for 12 
equally spaced Interval re given bj 

+ + 2y2 + '^y3 + 2y^ + +75 + 

y. + 2yg' + 4yq + 2yio + “^^11 ^•'2^ 


Area 


6x 

T 


... ( 45 ) 





S1 


TABtiE 19. VALUES OP SiTIJRATEU ACTIVITIES, ZW MOBIEUT km 4TH 
;iOI'1DUT WITH THEIR ASSOCIATED ERRORS POR AIR PLOW RATE OP 
1-'%000 CC/MIN. 


I 


1 

2 

2 

4 

3 

6 

4 

8 

3 ; 

10 

6 

12 

7 

14 

a 

16 

9 

18 

10 

20 

11 

22 

12 

24 


K + -"A 
s - *s *■ 


A^r^ ±,,,pft3:)l;i{0^ 


■ 


i^r 


+ SY*(I) 


10" 


t 0.1 
i 0.1 
i 0.1 
± 0*'' 
i 0*1 
i 0.1 
t 0*1 
i 0.1 
1 0*1 
i 0.1 
i 0.1 
+ 0.1 


460 

3<$Q 

272 

210 

148 

94 

60 

38 

27 

17 

10 

6 


+ 41.71 
+ 36.05 
+ 29.56 
+ 23.87 
+ 19.18 
i ■^5.52 
+ 12. 84 
+ 10.44 
+ "8.36 
i 7.74 
+ 5.00 
3.87 


0.184 + 
0.576 + 
0.979 + 
1.344 + 
1.480 + 
1.353 + 
1.176 + 
0.972 + 
0.874 + 
0.679 + 
0.484 + 

0.345 + 


0,021 

0.061 

0.109 

0.154 

0.192 

0.224 

0.252 

0.267 

0.271 

0.309 

0.242 

0.223 


* EA^ is error in A 

S o 

2 

* BX(I) is error in A^r 

4 

* JSI(I) is error, in A r 


0.00735 + 
0.09216 + 
0.35251 + 
0.86016 + 
1 . 48000 + 
1.94918 + 
2.30496 + 

2.49036 + 
2.83435 + 
2.72000 + 

2.34256 + 
1.990656+ 


0.00099 

0.01031 
0.04007 
0.10012 
0. 19410 
0.32354 

0.49604 

0.68492 

0.87885 

0.12396 

0.11714 

0.12850 
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From Tai)le I'J 

I'Biug Eq . (4'3) we get area under 2iid momeiit curve for 
ox ■■■ 2 era as 

Ion ,xp. = 

and also the area under 4th moment curve as 
( *.rea)j_j - 3.7001 x 10 


4roa Under Exponential 
Moment Curve 


of 2nd Moment and 4th 


From Table 9 we can calculate the values of 

5 

Least souare constant A = 4.446 x 10 and of 
Least square constant B = -0.935 x 10 

Ualng Bq. (40) and Eq. (41) we get area under 2nd moment 


curve as 


( Aren) 


1 Kxp. 


/ A e^ 
24 


.5036 X 10' 


and area under 4th moment curve as 


(Area >2 ^xp. 


/“r^Ae®^ =6.6359x10^ 


Total Area r;nfl.er 2na Moment and 4tli Mo ment .Cuges 

2 

Under 2nd moment (A^ ) curve 

Total Area ® (Area).| -gxp. (Area)^, g^cp. 

a '2.5645 X 10V ' 

Under 4th moment 

Total area. * , 
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i''.r rgr.; hi Areas Under 2nd and 4.tb. Moment ' Ourv^ i 
.'•■’rra Tdfele 19 and by using Eq. (^2) and Eq. ( 45 ) ge^ 
error under 2nd moment curve as 

“AArea)^ = (EX(0)^ + 4EX(1)^ + 2EX(2)^+ EX(12) 

= + 0.1008 X 10^ 


%V^ 


n’u! error under 4th moment curve as 

KUrea)^, |EYtO)^ + 4EI(1)^ +2El(2)^+ • • ETC12) | 


+ 0.2999 X 10 


7 


kilQ arul Error in Age 
Prom above we get 


(Area) 


1 


(Irenlp 


(2.564 + 0.1008) X 10'' 

r 

(10.33t> 0.2999) x 10 


O'^ 2 

X " c 

^ 2.5643 X 102 


1 10.3360 X 10' 


cm 


Error iri age with the help of Eq. (44) 4s 

2 


Therefore 
Age Value 


+ 3.28 cm 


67. 1J i 5.28 cm' 



APPEl^lDIX II 
























